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The Great Basin White-faced Ibis (Plegadis chihi) population is recognized as a
Species of Management because of its small population size, limited number of 
traditional breeding sites, and vulnerability to habitat loss. The ability to predict future 
population trends and develop wetland management strategies is limited because many 
aspects of their breeding ecology and population dynamics are unknown. 1 examined 
White-faced Ibis nesting ecology and breeding habitat selection at the Lower Carson 
River Basin, Nevada, from 1995-1997, and the relationship between the local surface 
water conditions and trends in the number of breeding pairs from 1970-1997 on a local 
and regional scale. Reproductive success was highly variable among colonies (n=20) 
and years. Seasonal trends in nest success and clutch size were evident during each 
year of the study. Predation, weather exposure, and human disturbance accounted for 
the majority of nest failures. Nest height above the water’s surface was the only nest 
site attribute that clearly affected nest success. White-faced Ibis nested indiscriminately 
within stands of emergent vegetation and did not appear to use microhabitat preferences 
to select colony or nest sites. Habitat plasticity in colony and nest site selection may 
provide a selective advantage in unstable wetland habitats. The criteria used to evaluate 
nesting habitat may pertain to the social aspects of colony formation. The number of 
breeding pairs in the Lower Carson River Basin was positively related to local surface 
water conditions. May of the current year, and May-August and October of the 
previous year explained 71.2% of the variation in the number of breeding pairs. Surface 
water conditions in the Lower Carson River Basin were not correlated with fluctuations 
in the number of breeding pairs at Malheur National Wildlife Refuge in Oregon.
CHAPTER 1. INTRODUCTION
The White-faced Ibis (Plegadis chihi) is a colonial waterbird that breeds in 
western North America and southern South America (Ryder 1967). Within North 
America, large numbers arc found along the Texas and Louisiana coasts and in the 
Great Basin states of Nevada and Utah, with peripheral but grow ing colonies in Oregon. 
Idaho, and California (Ryder and Manry 1994). In addition, small numbers nest 
sporadically in Colorado. Wyoming, Montana. North and South Dakota, southern 
Alberta, Iowa, and Oklahoma (Ryder and Manry 1994, Ivey et al. in prep).
White-faced Ibis breeding in the Great Basin and surrounding area (designated 
as the Great Basin population) are recognized as a Species ot Management Concern 
(USFWS 1995a) because of the small population size, limited number of traditional 
breeding sites, and vulnerability to habitat loss. The Great Basin White-faced Ibis 
population averaged 26,000 breeding pairs from 1997 to 1999 (Ivey et al. in prep), 
which is triple the 1984 estimate of 7,500 breeding pairs (Sharp 1985). Although the 
population has grown substantially over the last two decades, the ability to predict 
future population trends is limited because many aspects of their breeding ecology and 
population dynamics are unknown.
Wetland communities within the Great Basin undergo changes within and 
among seasons due to water level fluctuations that vary in magnitude, timing, 
frequency, and duration (Jehl 1994, Earnst et al. 1998. Warnock et al. 1998). White­
faced Ibis exploit unpredictable habitat conditions by relocating within and between 
watersheds when local breeding habitat conditions deteriorate (Ryder 1967, Sharp 1985, 
Ivey et al. 1988. Henny and Herron 1989, Earnst et al. 1998). This nomadic breeding
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strategy may promote population stability and growth if alternative wetland breeding 
sites are available (Vance 1980, Den Boer 1981, Bessenger 1986. Benetts and Kitchens 
1997). The availability of refugia is especially critical when droughts and floods render 
traditional breeding sites unsuitable for nesting (Eamst et al. 1998). Traditional 
breeding sites such as the Lower Carson River Basin in northwest Nevada. Malheur 
NWR in southeast Oregon, and Great Salt Lake in northern Utah, annually support the 
largest breeding concentrations of White-faced Ibis in the Great Basin (Ryder and 
Manry 1994).
The nomadic nature of White-faced Ibis and their dependence on ephemeral 
wetlands in the Great Basin requires a regional approach to management (Earnst et al. 
1998, Ivey et al. in prep). Local wetland management strategies should reflect the 
overall needs of the White-faced Ibis population through a regionally coordinated 
decision making process. The United States Fish and Wildlife Service is currently 
developing management guidelines with the primary goal of maintaining a stable or 
increasing White-faced Ibis population in the Great Basin and surrounding areas (Ivey 
et al. in prep). However, this goal is not yet attainable because information on breeding 
habitat selection, reproductive success, and demographic responses to unpredictable 
habitat conditions are lacking.
The objective of this study was to evaluate breeding habitat selection, nesting 
ecology, and population dynamics of White-faced Ibis at one of the major and persistent 
breeding sites in the Great Basin, the Lower Carson River Basin, Nevada. Information 
from this study will be of assistance in the development of wetland management 
strategies in the Lower Carson River Basin. This is important for regional conservation 
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actions because management decisions at major and persistent breeding sites will affect 
regional population trends.
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CHAPTER 2. POPULATION FLUCTUATIONS IN RELATION TO SURFACE 
WATER CONDITIONS
White-faced Ibis (Plegad is chihi) breed opportunistically in emergent and 
riparian wetlands throughout the western United States. However, several wetlands in 
the Great Basin typically contain major breeding colonies of White-faced Ibis. These 
include Great Salt Lake in northeastern Utah, the Lower Carson River Basin (LCRB) in 
west-central Nevada, and Malheur National Wildlife Refuge (MNWR) in southeast 
Oregon (Sharp 1985, Ryder and Manry 1994) (Figure 2.1).
Great Basin Wetlands are ephemeral, and as a consequence, local nesting 
populations of White-faced Ibis undergo dramatic fluctuations in size over relatively 
short periods of time. These fluctuations have been viewed as a response to changes in 
breeding habitat caused by natural recurring droughts (Ryder 1967. Capen 1977. 
Thompson and Littlefield 1979) and floods (Sharp 1985. Ivey et al. 1988, Henny and 
Herron 1989). Several authors suggested that abrupt changes in the number of locally 
breeding ibis result from (1) water level fluctuations on a local scale, and (2) 
displacement of breeding ibis on a regional scale. For example, a flood period lasting 
from 1982 through 1985 reduced breeding ibis numbers at Great Salt Lake by 80% 
(Ivey et al. 1988). Meanwhile, the number of nesting pairs at MNWR increased from 
600 in 1980 to nearly 2,200 pairs in 1987. Ivey et al. (1988) suggested that this increase 
was partially due to relocation of breeding ibis from Great Salt Lake. 1 lenny and 
Herron (1989) also suggested that the peak of 5,000 breeding pairs in 1985 at the LCRB 
was due to relocation of ibis from Great Salt Lake. Drought conditions during the late 
1970's in LCRB may explain peaks of over 8,000 breeding pairs in 1979 and 1980 at
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Great Salt Lake (Steele 1984) and for increases in the number of breeding pairs at
MNWR (Thompson and Littlefield 1979).
Figure 2.1. Location of the major and persistent breeding concentrations of White­
faced Ibis in the Great Basin region, USA.
These observations have led biologists to hypothesize that local breeding
numbers of White-faced Ibis in the Great Basin fluctuate in response to both local and 
regional surface water conditions. My objective was to explain in more detail the 
relationship between local surface water conditions and the number of breeding pairs on 
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both a local and regional scale. 1 used historical pair count data From the LCRB and 
MNWR sites to examine these relationships because they represent the most complete 
long-term data sets on the numbers of breeding White-faced Ibis in the Great Basin. 
STUDY AREA
The LCRB (main study site) is situated in the west-central portion of the Great 
Basin, in Churchill County. Nevada. The principal water source is snow-melt from the 
Sierra Nevada Range. The snow-melt is stored in Lahontan Reservoir and distributed 
through a network of canals to the agricultural fields in the town of Fallon and to the 
terminal wetlands in Carson Lake and Stillwater NWR, where the ibis nest (Figure 2.2). 
This water maintains ibis nesting habitat and aquatic foraging habitat within the 
wetlands. Earthworms from flood-irrigated fields compose the majority of their diet 




Annual breeding pair surveys for White-faced Ibis have been conducted at 
MNWR since 1966 by the U.S. Fish and Wildlife Service and at the LCRB since 1970 
by the Nevada Division of Wildlife. Biologists at MNWR counted ibis from the ground 
or in air boats from 1966 to 1977. After 1978. ibis were counted from helicopters or 
fixed-wing airplanes, and supplemented by ground visits if necessary (Ivey et al. 1988. 
G. Ivey personal communication). Ibis in the LCRB were counted from ground visits 
until 1985. After 1985, counts were made from helicopters, fixed-wing airplanes, and 
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supplemented by ground visits (L. Neel personal communication). Breeding pair count 
data sets from 1970 to 1997 were used in the analysis.
Surface Water Data and Description of Water Variables
Average daily water releases (m3/sec) from Lahontan Reservoir were used to
estimate surface water conditions in the LCRB. Data were obtained from a U.S.
Geological Survey gauge (10312150) located below the Lahontan Reservoir dam.
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The average daily water releases were partitioned into 28 2-year periods, each of 
which contained a previous and current water year. A water year starts on 01 October 
and ends on 30 September. Overall mean water flow rates were then calculated for 
three date categories within each 2-year period: water year, month, and biological 
season (clutch initiation and staging). The staging season is a time when local and 
migrant post-breeding adults and their newly fledged young flock together to forage in 
agriculture fields before moving to their winter grounds. Thus, each date category 
consisted of a set of variables that characterized surface water conditions for a given 
year.
Nest success and seasonal flock count data were used to delineate clutch 
initiation and staging seasons. These data were collected in 1995-1997 as part of a 
nesting ecology study of White-faced Ibis in the LCRB (see Chapter 3).
A sample of nests were monitored from 5 colonies in 1995 (n=243 nests), 7 in 
1996 (n=334), and 9 in 1997 (n=684). Two to five nest visits were conducted; the 
number depended on the synchrony of the nest sample. The age and status of all eggs 
or chicks were recorded during each nest visit. Clutch initiation dates (laying of first 
egg) were estimated by backdating 20 days from the first hatched egg; I assumed that 
incubation began after the first egg was laid and lasted for a 20 day period (Kotter 1970, 
Capen 1977). If the actual hatch date was not observed, then the estimated age of the 
oldest egg or chick was used as a base for backdating. Chicks were aged by changes in 
skin color, behavior, and development of feather tracts and plumage (Kotter 1970, E. 
Kelchlin unpublished data).
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Road surveys were used to locate flocks of ibis that were foraging or loafing in 
the agricultural fields and wetlands throughout the main study site. A window-mounted 
20 x 60 spotting scope was used to count the number of individuals within each flock. 
Surveys were conducted during daylight hours from 01 April to 30 September (n=427 
hours of effort).
Flock count data were grouped into 15-day intervals. Mean flock size and the 
proportion of large flocks sighted were calculated for each 15-day interval. A flock was 
considered large if it contained > 500 individuals. The proportion was calculated as the 
number of large flocks/the total number of flocks sighted during a given 15-day 
interval. These data were plotted through time to delineate the staging season for 
White-faced Ibis.
Local Regression Model
Multiple linear regression was used to determine if the local surface water 
conditions during the previous (Oct-Sept) and current (Oct-Jun) water year correlated 
with the number of breeding pairs in the LCRB. Water data from July through 
September of the current year were not used in the analysis because colony site 
selection and nest initiation is largely complete by the end of June.
Two separate regression models were used in the analysis, a base model and a 
full model. The base model contained water year variables and the latter contained 
month and biological season variables. The full model was subjected to the RSQUARE 
selection procedure (SAS Institute Inc. 1994) to find subsets of water variables that best 
predict the number of breeding pairs at the LCRB. Best subset models with estimated 
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coefficients at P>0.05 were excluded. All models contained a year covariate to account 
for a significant numerical growth trend through time.
Selection of the final subset model was based on 3 criteria: the coefficient of 
multiple determination (R2), the standard deviation of the estimated mean squared error 
(VMSE ), and the mean variance inflation factor (VIF). The mean V1F (X VlF/p-1) is a 
measure of multicollinearity among the explanatory variables (Neter et al. 1996). 
Subsets with mean VIF values >2.5 were considered poor models.
Regional Regression Model
Multiple linear regression was used to determine if the surface water conditions 
in the LCRB correlated with the number of breeding pairs at MNWR. The subset of 
water variables that best explained the relationship between the local surface water 
conditions and the number of breeding pairs in the LCRB were used as the explanatory 
variables. A significant correlation indicates that the number of breeding pairs at 
MNWR was related to surface water conditions on a regional scale.
RESULTS
Pair Count Data
Breeding numbers of White-faced Ibis in the LCRB from 1970-97 has a cyclic 
“boom-or-bust” pattern. Breeding pair counts ranged from 0 in 1974. 1977. and 1991. 
to 6,850 in 1997. In contrast, the MNWR breeding population did not have a cyclic 
pattern. The number of breeding pairs at MNWR remained stable from 1970 to 1977 
(25 to 80 breeding pairs), then rapidly increased from 110 in 1978 to 4.110 pairs in 
1989. After 1989, the number of breeding pairs remained high but fluctuated 




Figure 2.3. Breeding pair counts of White-faced Ibis from 1970-1997 at the Lower 
Carson River Basin and at Malheur National Wildlife Refuge.
Seasonal Water Discharge and Breeding Chronology
The annual water discharge pattern for Lahontan Reservoir is related to the 
demand for irrigation water in the LCRB. The irrigation season extends from mid­
March through October. Peak water flows occur during the months of May through 
August (Figure 2.4).
Clutch initiation data were pooled across years and summarized into 5-day 
intervals (Figure 2.5). Clutch initiation dates for White-faced Ibis in the LCRB ranged 
from 12 April to 10 August. The majority of clutches were initiated in May (61.3%) 
and April (21.3%). Clutches that were initiated after 15 June (3.3%) are late nesters, a 
small proportion of which may include second-attempt nesters. Overall mean water 
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flow rates (m3/sec) were calculated for 3 time periods, excluding the late nesting season, 
and used as explanatory variables in the local regression model: (1)12 April to 05 
May, (2) 21 April to 31 May, and (3) 11 April to 15 June. These dates represent the 
early, middle, and normal clutch initiation periods, respectively.
The average flock size and proportion of large flocks sighted were greatest from
15 August to 30 September (Figure 2.6). This time frame delineates the staging period 
for White-faced Ibis in the LCRB.
Figure 2.4. Average monthly water discharge pattern from Lahontan Reservoir. Means 
and 95% confidence intervals were calculated from daily water flows (01 Oct 
1970-31 Sept 1997) recorded at USGS station 10312150.
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n = 1,205 nests
0.15
Clutch Initiation Date
Figure 2.5. Distribution of clutch initiation dates for White-faced Ibis in the Lower 
Carson River Basin, Nevada.
Figure 2.6. The mean size and proportion of White-faced Ibis flocks, bimonthly from 01 
April to 30 September in the Lower Carson River Basin, Nevada.
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Local Surface Water Conditions
Multiple linear regression was used to evaluate the relationship between the 
annual surface water conditions and the number of breeding pairs in the LCRB (Table 
2.1). The base model shows that White-faced Ibis have a positive response to the 
surface water conditions from the previous (P = 0.004) and current water year (P = 
0.012) after adjusting for a significant year effect (P0.001). More ibis breed during 
high water years than in drought years. However, if the surface water conditions arc 
high (i.e., flood conditions) in both the previous and current water year, the number if 
breeding pairs will increase less strongly. This is evident by the significant negative 
interaction effect between the water year variables (P = 0.046).
Table 2.1. Multiple linear regression ANOVA table for the base model. This model 
shows the relationship between the local surface water conditions in the 





Model 4 14709498.81 11.596 <0.001
Error 23 1268525.63
R2= 0.669
’Explanatory Variables Slope SE t P
Year 137.74 28.61 4.81 <0.001
Previous Oct-Sept 367.18 113.85 3.23 0.004
Current Oct-Jun 351.96 129.27 2.72 0.012
Interaction -16.68 7.90 -2.11 0.046
’Variables were not autocorrelated (Durbin-Watson; D=1.82 P>0.05) and residuals were 
normal (Shapiro-Wilks; P<W = 0.333). Intercept = -15632.0. SE = 3263.89.
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Full Model
The results from the RSQUARE procedure are in Table 2.2. Models were 
restricted to the best 3 or 4 within each subset. Overall, the surface water conditions in 
summer (May-Aug) of the previous water year and fall (Sep-Nov) of the current water 
year were the most important in predicting the number of breeding pairs. Because May, 
July, and August of the previous year frequently occurred in the model subsets. May 
through August were combined into a single water variable (MJJAp). The remaining 
water variables were kept in the model and the RSQUARE procedure was repeated.
Results from the second RSQUARE procedure indicate that the surface water 
conditions in May through August of the previous year determines, to a large extent, 
how many ibis will breed in the current year (Table 2.3). The model that best predicts 
the number of breeding pairs is year + Maye + Octp + MJJAp. This model has a high 
coefficient of multiple determination (R2 = 0.712). low variability (V MSE = 1049.5), 
and low multicollinearity (mean VIE = 1.49).
Best Local Model
Multiple linear regression analysis on the best local model shows that the 
surface water conditions in May of current year and October and May-August of the 
previous year explained 71.2% of the variation in the number of breeding pairs in the 
LCRB (Table 2.4). Squared partial correlation coefficients indicate that the year 
covariable explained the greatest portion of variablity (r2 = 0.548). followed by the 
surface water conditions in the previous May-August (r2 = 0.451). October (r2 = 0.306). 
and current May (r2 = 0.224). Interaction effects were not significant (P>0.05). 
therefore no interaction term was included in the model.
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Table 2.2. Results of the RSQUARE variable selection procedure using month and 
biological season variables. A year covariate was included in all models. 
Models are significant at P<0.001 and estimated coefficients are significant at 
P<0.05.
DF Explanatory Variables’ F R1 2 V MSE
Mean
V1F
2,25 Stage 11.152 0.471 1364.1 1.16
Mayp 11.111 0.471 1365.2 1.01
Julp 10.502 0.457 1383.2 1.06
Augp 10.501 0.457 1383.2 1.16
3,24 Octp Julp 11.543 0.591 1225.2 1.66
Stage Cl-normalc 10.983 0.579 1243.2 1.68
Maye Stage 10.869 0.576 1246.9 1.72
Maye Augp 10.858 0.576 1247.3 1.69
4,23 Octp Nove Julp 12.282 0.681 1104.7 1.49
Octp Mayp Julp 12.050 0.677 1111.8 1.69
Maye Octp Julp 11.817 0.673 1119.2 1.52
Maye Octp Mayp 11.704 0.671 1122.8 1.44
5,22 Octc Octp Mayp Julp 15.272 0.776 946.0 2.19
Octc Octp Julp Cl-middlep 13.632 0.756 988.0 2.22
Maye Octp Mayp Julp 12.639 0.742 1119.2 1.58
Maye Octp Mayp Augp 12.042 0.732 1034.7 1.61
6,21 Octc Octp Mayp Junp Julp 15.565 0.816 877.2 4.10
Maye Octp Mayp Junp Julp 13.368 0.793 932.6 3.72
Octc Octp Nove Febc Julp 12.266 0.778 964.6 1.99
7,20 Octc Nove Decc Jane Octp Julp 14.945 0.840 840.4 2.09
Octc Nove Decc Jane Janp Julp 13.071 0.821 888.5 2.09
Octc Nove Decc Jane Deep Julp 12.914 0.819 892.9 2.20
1 “p” and “c” refers to the previous and current water year, respectively. Biological 
seasons: Stage = 15 Augp-30 Septp, Cl-normal = 12 Aprc-15 June, and Cl-middlc = 21
Aprc-30 Maye.
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Table 2.3. Results of the RSQUARE variable selection procedure using month and 
biological season variables. May through August of the previous year was 
combined (MJJAp). A year covariate was included in all models. Models are 
significant at P<0.001 and estimated coefficients are significant at P<0.05.
DF Explanatory Variables1 F R2 J MS E
Mean
VIF
2,25 MJJAp 13.020 0.510 1313.2 1.04
Stage 11.152 0.472 1364.1 1.16
Cl-middlep 9.952 0.443 1400.0 1.03
Sepp 9.495 0.432 1414.5 1.11
3,24 Octp MJJAp 13.568 0.629 1166.3 1.63
Octc MJJAp 12.403 0.608 1199.1 3.40
Maye MJJAp 11.288 0.585 1233.3 1.64
Stage Cl-normalc 10.983 0.579 1243.2 1.68
4,23 Octc Octp MJJAp 14.736 0.719 1036.4 2.62
Maye Octp MJJAp 14.228 0.712 1049.5 1.49
June Octp MJJAp 13.354 0.699 1073.2 1.44
Octp Cl-middlec MJJAp 13.206 0.697 1077.4 1.51
1 “p” and “c” refers to the previous and current water year, respectively. Biological 
seasons: Stage = 15 Augp-30 Septp, Ci-normal - 12 Aprc-15 June, and Cl-middle = 21 
Aprc-30 Maye.
Regional Surface Water Conditions
Annual fluctuations in the number of breeding pairs at MNWR do not correlate 
with the surface water conditions in the LCRB (Table 2.5). Although the model was 
highly significant and explained 89.9% of the variation in the number of breeding pairs 
at MNWR, the only variable that accounted for this was the year effect (partial r2 = 
0.89). All surface water variables that were significant in the local model are not 
significant in the regional model. Therefore, I conclude that the surface water 
conditions in the LCRB have no affect on the number of breeding pairs at MNWR.
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This implies that the recent breeding population increases at MNWR are not the direct 
result of colony displacement from the LCRB.
Table 2.4. Multiple linear regression ANOVA table for the best local model. This 
model shows the relationship between the surface water conditions in the 
previous (October and May-August) and the current (May) water year and the 




Model 4 15670688.8 14.228 <0.001
Error 23 1101362.16
R2 = 0.712
'Explanatory Variables Slope SE t P
Year 137.92 26.10 5.29 <0.001
Current May 59.12 22.94 2.58 0.017
Previous May-Aug 127.72 29.38 4.35 <0.001
Previous Oct 137.34 49.12 3.19 <0.001
'Variables were not autocorrelated (Durbin-Watson; D=2.10 P>0.05) and residuals were 
normal (Shapiro-Wilks; P<W = 0.220). Intercept = -15452.0, SE = 2589.38.
DISCUSSION
Local Scale
From the base model, I found that the numbers of White-faced Ibis breeding in 
the Lower Carson River Basin (LCRB) fluctuates in response to changes in the local 
surface water conditions during the previous (Oct-Sept) and current (Oct-Jun) water 
year. The number of breeding pairs is positively related to the amount of water 
discharged from Lahontan Reservoir. However, this relationship does not necessarily 
imply that poor water flows in a given year will equate to a low breeding numbers or 
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that more water is always better. Because the previous water year has a greater affect 
on the number of breeding pairs than the current water year, we can expect more 
breeders in a poor water year if the previous year sustained high water Hows. 
Furthermore, if water flow rates are high in both the previous and current water year, 
fewer ibis will breed. This is evidenced by the significant interaction term in the base 
model.
Table 2.5. Multiple linear regression ANOVA table for the regional model. I bis model 
shows the relationship between the local surface water conditions in the LCRB 




Model 4 4040.06 51.271 <0.001
Error 23 78.80
R2= 0.899
’Explanatory Variables Slope SE t P
Year 3.00 0.22 13.61 <0.001
Current May -0.13 0.19 -0.68 0.506
Previous Mar-Aug 0.04 0.25 0.15 0.884
Previous Oct 0.15 0.37 0.42 0.682
’Variables were not autocorrelated (Durbin-Watson; D=1.94 P>0.05) and residuals were 
normal (Shapiro-Wilks; P<W = 0.996). Breeding pairs at MNWR (response variable) 
were square root transformed to linearize a curvlinear regression relation and stabilize 
the error variances. Intercept = -214.78. SE = 21.90.
Time periods in which the surface water conditions most strongly affect the 
number of breeding pairs in the LCRB are (1) May of the current year. (2) May through 
August of the previous year, and (3) October of the previous year. White-faced Ibis in 
the LCRB primarily initiate clutches in late April (21.3%) through May (61.3%).
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Therefore, the surface water conditions in May are likely an important factor in 
determining if the ibis will have a successful nesting attempt. Poor surface water 
conditions could cause early nesters to abandon the colony site and discourage new 
arrivals from nesting. This happened in 1994 at the Carson Lake Sprig colony, a marsh 
unit that has traditionally been the stronghold for nesting White-faced Ibis in the LCRB. 
Ibis began building nest platforms on 28 April (2,000-2,500 breeding pairs) when early 
spring water deliveries to the unit provided sufficient nesting habitat. I lowever. water 
levels could not be maintained throughout May because of extremely low snow-pack in 
the Upper Carson River Basin. This resulted in only 200 nesting attempts by 25 May 
and the complete abandonment of the colony site by 07 June (Neel 1994).
1 hypothesize that the water flow rates in October and May through August of 
the previous year “sets the stage” for the current year's nesting potential by influencing 
the current year’s emergent vegetation growth and invertebrate prey base. This implies 
that actual nesting effort in a given year is largely determined by the status of resources 
prior to nesting. Nest site availability and quality is likely higher after 1 year of good 
water flows because stands of emergent vegetation have become established in the 
wetlands. Residual stems, which are only present in stands that are at least 1 year old. 
provide ibis with perches for mating displays, nest material, and a firm base for nest 
attachment (Kelchlin 1997). Furthermore, stands of emergent vegetation > 2 years old 
have been found to support higher densities, biomass, and richness of aquatic 
macrofauna (Oertli and Lachavanne 1995). Earthworms may also be more numerous in 
the agricultural fields following a good water year because their fecundity is higher 
when soil conditions are moist (Edwards and Lofty 1977).
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The May through August surface water conditions in the previous year may also 
influence the current years return rate of nesting ibis. White-faced Ibis may be more 
likely to return to the same breeding area if habitat conditions were favorable the 
previous season. Although strong site fidelity toward ephemeral wetlands would be 
maladaptive, fidelity to a wetland complex or basin may still occur (e.g. Skagen and 
Knopf 1994).
Regional Scale
No evidence was found to suggest that the surface water conditions in the LCRB 
correlate with the number of breeding pairs at MNWR (refer to fable 5). Even though 
surface water conditions in the LCRB may force ibis to relocate during periods of 
drought or flood, these movements may not account for fluctuations in the number 
breeding pairs at MNWR. Inter-colony movements from the LCRB to MNWR may be 
too infrequent and erratic to directly influence the MNWR ibis population. Ilowever, 1 
agree with Ivey et al. (1988) that local recruitment alone is not responsible for the rapid 
population growth at MNWR. This nesting population has increased almost 
exponentially from 25 breeding pairs in 1970 to 6,700 in 1997. I propose that the 
MNWR breeding population is tied more closely to the breeding populations in 
northeastern Utah or northeastern California, rather than the breeding population in the 
LCRB. The lack of a regional connection between the LCRB and MNWR breeding 
concentrations may indicate separate spring migration pathways.
It should be noted however, that a regional connection among breeding 
concentrations is difficult to assess because colonization of alternative wetland sites 
would mask any unidirectional trends. This is especially true in flood years when 
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previously dry wetlands are re-flooded and become suitable for nesting. Exploitation of 
unpredictable breeding habitat requires White-faced Ibis to be opportunistic. Therefore, 
evaluating the predictability of inter-colony movements or colony displacement 
resulting from fluctuating surface water conditions on a regional scale may require a 
simultanious comparison of all colonies in the Great Basin.
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CHAPTER 3. NESTING ECOLOGY
Wetlands of the Great Basin region form a mosaic of closed ephemeral systems 
that require breeding waterbirds to cope with unpredictable resources on both a 
temporal and spatial scale (Jehl 1994. Warnock et al. 1998). Dynamic wetland 
conditions affect colony presence, size, and reproductive success within and between 
breeding seasons (Ryder and Manry 1994, Earnst et al. 1998). White-faced Ibis 
(Plegadis chihi) exploit unstable wetland habitats by moving opportunistically within 
and among watersheds as local wetland conditions fluctuate (Ryder 1967, Ivey et al. 
1988, Taylor et al. 1989. Earnst et al. 1998). This nomadic adaptation is well 
documented in other wetland dependent birds species (Carrick 1962. MeKilligan 1975. 
McNicholl 1975. Kushlan 1981. Greenwood and Harvey 1982. Woodall 1985. Skagen 
and Knopf 1994, Frederick et al. 1996). A nomadic breeding strategy may promote 
population stability and growth if alternative breeding sites are available (Vance 1980. 
Den Boer 1981, Bessenger 1986, Benetts and Kitchens 1997). The availability of 
refugia is especially critical when naturally-occurring droughts and floods render 
traditional breeding sites unsuitable for nesting (Earnst et al. 1998). Traditional 
breeding sites such as the Lower Carson River Basin in northwest Nevada. Malheur 
NWR in southeast Oregon, and Great Salt Lake in northern Utah annually support the 
largest breeding concentrations of White-faced Ibis in the Great Basin (Ryder and 
Manry 1994).
Because of the nomadic nature of breeding White-faced Ibis and their 
dependence on ephemeral wetlands in the Great Basin, a regional management 
approach will best maintain population stability (Earnst et al. 1998). This regional 
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approach to managing the Great Basin White-faced Ibis breeding population should 
include the development of local wetland management strategies at traditional breeding 
sites because changes in demographic parameters at major and persistent breeding 
locations will affect regional population trends (e.g., Engstrom et al. 1990).
Here 1 document the nesting ecology of White-faced in the Lower Carson River 
Basin, Nevada, from 1995-1997. The purpose of this study was to supplement existing 
data on the nesting ecology of this species to assist in the development of local wetland 
management strategies in the Lower Carson River Basin (LCRB). Specific objectives 
were to (1) identify factors that constrain reproductive success, (2) determine if 
reproductive parameters vary among colonies within years (spatial effects), (3) assess 
the variation in reproductive parameters within and among seasons (temporal effects), 
and (4) determine if nest site characteristics affect nesting success.
STUDY AREA
The Lower Carson River Basin (LCRB) is situated in the west-central portion of 
the Great Basin, in Churchill County, Nevada. The principal water source is snow-melt 
from the Sierra Nevada Range. The snow-melt is stored in Lahontan Reservoir and 
distributed through a complex network of canals to the agricultural fields in the town of 
Fallon and to the terminal wetlands in Carson Lake and Stillwater NWR, where the ibis 
nest (Figure 3.1). This water supply is critical for the creation and maintenance of ibis 
nesting habitat and aquatic foraging habitat within the wetlands. Water is also a 
necessary element for making their terrestrial food source available because earthworms 
from flood-irrigated fields compose the majority of their diet (Bray and Klebenow 
1988, Henny and Herron 1989).
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The terminal palustrine wetlands of the LCRB annually fluctuate in size 
depending on the amount of snow melt in the Sierra Nevada Range, allocation of water 
releases from Lahontan Reservoir, seasonal wetland management strategies, and 
evaporation rates. For example, from 1986-1997 the amount of wetland habitat in 
August ranged from 457 to 15,888 ha (CV=97.7%) (USFWS 1995b. B. Henry 
personnel communication).




Personnel from the Nevada Division of Wildlife used helicopters to locate ibis 
colonies and estimate the number of nesting pairs. Flights were conducted at an altitude 
of 25 to 30m at a speed of 54 to 80 km/h. between 0800 and 1200 hours. The total 
number of adult ibis flushed from the colony was judged to equal the number of nesting 
pairs. It was assumed that only one member of an adult pair was incubating (Belknap 
1957, Kotter 1970). Aerial surveys were conducted twice during peak nesting periods, 
the first in mid-May and the second in mid-June. The largest estimate was assumed to 
be the total number of nesting pairs (Rawlings et al. 1986). Ground Hush surveys or 
anecdotal data from aerial waterfowl surveys were sometimes used to estimate the 
number of breeding pairs if ibis started nesting after mid-June or colonies were over­
looked during the helicopter surveys. These latter techniques were used in 31% of the 
surveyed colonies (10 of 32 colonies).
Nest Monitoring
A sample of nests was monitored from 5 colonies in 1995 (n=243 nests). 7 in 
1996 (n=334), and 9 in 1997 (n=684). Colonies were chosen based on their 
accessibility and size (>30 breeding pairs). Reproductive success was measured hv 
repeatedly visiting active nests marked with surveyor’s flagging along belt transects 
(Frederick et al. 1992). Two to five nest visits were conducted; the number depended 
on the age and synchrony of the sampled nests. All nests were monitored until they 
failed, or until the chicks had fledged. However, nests from 1 colony in 1997 (NIJTN, 
n=l 52) were only sampled for clutch size and clutch initiation data.
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Clutch initiation dates (laying of the first egg) were estimated by backdating 20 
days from the first hatched egg. I assumed that incubation began after the first egg was 
laid and lasted for a 20-day period (Kotter 1970. Capen 1977). If the actual hatch date 
was not observed then the age of the oldest egg or chick was used as a base for 
backdating. Eggs were floated (e.g.. Westerskov 1950) to determine age and laying 
order, whereas chicks were aged by changes in skin color, behavior, and development 
of feather tracts and plumage (Kotter 1970. Kelchlin unpublished data).
Reproductive Parameters
Four reproductive parameters were used to evaluate reproductive success: clutch 
size (number of eggs/nest attempt), number of eggs hatched/nest attempt, brood size 
(number of chicks surviving > 10 days of age/nest attempt), and apparent nest success 
(proportion of successful nests). A nest was considered successful if one or more 
chicks survived at least 10 days. After 10 days the chicks became increasingly mobile 
and difficult to locate or count accurately. Nests with clutch sizes less than 3 that failed 
during the early incubation stage (i.e., < 6 days of age) were excluded from all 
parameter calculations to avoid possible inclusion of incomplete clutches (n=25 of 59 
nests with <3 eggs). Calculations of success parameters were also limited to nests with 
complete data on the number of eggs hatched and brood size.
The Mayfield method (Mayfield 1961, 1975) was not used in this study to 
estimate nesting success because mortality was often irregular or concentrated due to 
poor weather events and predation. This pattern of nest mortality violates the 
assumptions of independence and constant mortality rate. Furthermore, the 
inappropriate use of the Mayfield method for estimating nesting success in colonial
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waterbirds is well documented (Erwin and Custer 1982. Klett and Johnson 1982, 
Spendelow 1982, Erwin and Smith 1985. Johnson and Shaffer 1990. Nisbet et al. 1990). 
Fate of Unsuccessful Nests
The fate of unsuccessful nests was categorized into 4 groups: depredated, 
abandoned, failed due to inclement weather exposure, and unknown. Nests were 
considered depredated when (1) the entire clutch or brood vanished without a trace prior 
to hatching or fledging, or (2) when evidence of a predator attack was available (i.e.. 
egg-yolk on the nest or chick remains). Nests were considered abandoned when a 
complete set of cold underdeveloped eggs were found during incubation. II the cold 
eggs were found after a poor weather event (wet and cold spell) they were assumed to 
have been abandoned as the result of weather exposure, otherwise abandonment was 
assigned to an unknown cause. If the entire brood of chicks was found dead in the nest 
following a cold and wet weather event they were assumed to have died as a result of 
inclement weather exposure. Finally, if the contents of a failed nest died or disappeared 
sequentially, and if their fate did not follow any poor weather event, they were 
categorized as unknown.
Nest Site Structure and Placement Characteristics
Microhabitat characteristics were recorded at nest sites each year to assess the 
relationship between nesting habitat and nesting success. However, because measuring 
techniques differed in 1995, only data from 1996-1997 were used in the analysis. 
Variables measured at nest sites were: nest height above the water's surface, percent 
cover of live and residual vegetation, and distance to open water.
28
Nest height (cm) and water depth (cm) measurements were taken at each nest 
site during the nesting period in order to calculate nest height above the water's surface. 
Nest height was measured only once during the first or second nest visit, whereas water 
depth was measured during each nest visit. Because nest height measurements were 
taken on different days for individual nests, it was necessary to adjust for temporal 
changes in water depth in order to obtain an accurate estimate of nest height from the 
water’s surface. An overall mean colony water depth for the nesting period was used to 
standardize nest heights above the water’s surface within each respective colony.
The percent cover of live vegetation, residual vegetation, and distance to open 
water were recorded at the end of the nesting season for a random sample of nests. 
Nests were randomly selected from 3 colonies in 1996 (n=90 nests) and 7 colonies in 
1997 (n=180). A mean value was generated for each variable (except for distance to 
open water) by conducting the measurements at 3 sites located 1 m from the center of 
the nest bowl. These sites, or sub-sampling points, were positioned at 120° intervals 
around the nest, starting from a degree point that was selected a priori from a random 
numbers table.
1 used a 70cm2 board as a vertical backdrop behind the emergent vegetation to 
estimate percent cover. The board was held at the waters surface 1 m from the observer 
and the proportion of the board covered by residual and live vegetation was recorded to 
the nearest 5%. Distance to open water was defined as the distance from the nest edge 
to the nearest unobstructed pool > 3m in diameter or canal > lm across. Distance was 
categorized as either < 5m (edge sites) or >5m (interior sites) from open water.
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Statistical Analysis
Kruskal-Wallis ANOVA tests were used to evaluate the distribution of clutch 
initiation dates among years and to test for significant inter-colony and inter-annual 
differences in mean clutch size, mean number of eggs hatched, and mean brood size. 
Chi-square test for proportions (Zar 1984) were used to evaluate inter-colony and inter­
annual differences in apparent nest success. Nonparametric Tukey-type tests on rank 
means or proportions were used for pair-wise comparisons among years when 
significant inter-annual differences were found (Zar 1984).
The Cochran-Mantel-Haenszel chi-square test (Forthofer and Lee 1995. Stokes 
et al. 1995) was used to determine if nest success was independent of clutch initiation 
date. Data were pooled across years, with year being treated as a block. Only nests 
with known clutch initiation date were included in the analyses (n= 1019 nests). The 
Breslow-Day statistic was used to test for homogeneity of the odds ratios across years 
(Stokes et al. 1995). Nests were categorized as either successful (>1 chick Hedged) or 
unsuccessful (no chicks fledged). Early and late nesters were classified according to the 
mean clutch initiation date within each respective year. For example, a nest was 
considered early if it was initiated before the mean clutch initiation date, otherwise the 
nest was considered late.
Regression analysis was used to assess temporal trends in clutch size. Clutch 
initiation date was used as a measure of time in the analyses. Nests were pooled across 
colonies within years and sequentially partitioned into 5-day intervals. Means were 
calculated for each time interval and used as the response variables.
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Likelihood Ratio or Cochran-Mantel-Haenszel chi-square tests were used to 
determine if nest success was independent of nest site characteristics. Four nest site 
variables were examined: standardized nest height, percent cover of live and residual 
emergent vegetation, and distance to open water. Each year was analyzed separately. 
Simple 2x2 (i.e. nest success x standardized nest height) and more complex 3x2 
contingency tables (i.e. clutch initiation date x nest success x standardized nest height) 
were evaluated. The latter design adjusts for clutch initiation date by blocking on early 
and late nesting categories (Stokes et al. 1995). However, distance to open water could 
not be adjusted for clutch initiation date because cell frequencies in 1996 were too low .
Nests were categorized as either successful (>1 chick fledged) or unsuccessful 
(no chicks fledged). Standardized nest heights were categorized as either low (< 24 cm) 
or high (> 24 cm). The percent cover of live and residual vegetation was separated by 
their means into low and high categories. The percent cover of live vegetation was 
considered low if it was < 38% and high if it was > 38%. The percent cover of residual 
vegetation was considered low if it was < 14% and high if it was >14%.
All statistical analysis were performed with SAS51 (SAS Institute Inc. 1994) 
except for tests concerning apparent nest success and nonparametric multiple 
comparisons (Zar 1984). All means are presented with + 1 SI) unless otherwise noted. 
RESULTS
White-faced Ibis are a colonial breeding species, so I first determined if colony 
size had any effect on reproductive performance before nests could be pooled across 
colonies. Clutch size, brood size, and nesting success were judged to be independent of 
colony size (Simple Linear Regression; P>0.05. n=18 colonies pooled across years).
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The same conclusion was reached when years were considered separately. Thus, 
colony size effects were disregarded in all of the subsequent analysis.
Nesting Pair Surveys
The number of White-faced Ibis nesting in the LCRB increased during the 3 
years of the study. A total of 2,872 breeding pairs were counted in 1995. 6.025 in 1996. 
and 6.850 in 1997. The number and mean size of the colonies also increased. For 
example. 7 colonies were established in 1995 ( X size = 410 + 519). 12 in 1996 (,V 
502 + 851), and 13 in 1997 (X - 623 + 1001). These trends coincided with an annual 
increase in available nesting habitat, particularly at Stillwater NWR. Humboldt Sink, 
and Carson Lake. The area most important to nesting ibis was Carson Lake, with 71% 
of the breeding pairs.
Nesting Chronology
The distribution of clutch initiation dates varied among years (P<0.001). The 
mean clutch initiation date in 1997 was significantly earlier than other years (P<0.001). 
In fact. White-faced Ibis began egg-laying earlier and more synchronously among 
colonies in each successive year of the study (Figure 3.2). This trend corresponded with 
an annual increase in water flows to the Lower Carson River Basin prior to breeding 
(Figure 3.3). The average water discharge (m’/sec) from Lahontan Reservoir during 
October through March increased from 0.03 + 0.02 in 1995 to 8.29 + 11.09 in 1996 and 
20.05 + 21.52 in 1997 (P<0.001). Water releases from Lahontan Reservoir during this 
time period are primarily directed to the wetlands in the LCRB. High water Hows prior 




Figure 3.2. Distribution of clutch initiation dates for 1.205 White-faced Ibis nests 
sampled in the Lower Carson River Basin. Nevada, from 1995-1997.
Reproductive Success
Clutch size in White-faced Ibis ranged from 1 to 7. with over S5% of nests
containing 3 or 4 eggs (Figure 3.4). The mean clutch size varied among colonies within










3.09-3.83 in 1995, 3.11-4.12 in 1996, and 3.15-3.76 in 1997. The annual mean clutch 
size was significantly lower in 1996 (3.32 + 0.91) compared to other years (P 0.002). 
but was similar between 1995 (3.59 + 0.72) and 1997 (3.50 + 0.84; P>0.05).
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
Water Year Month
Figure 3.3. Average monthly water discharge pattern from Lahontan Reservoir for the 
1995-1997 breeding seasons. Means were calculated from daily water Hows at 
USGS gauge 10312150 located below Lahontan Dam.
The mean number of eggs hatched and the mean brood size varied among
colonies within years (P<0.001; Figures 3.5 and 3.6). Furthermore, all pair-wise 
comparisons between years were significant for both parameters (P<0.005). The mean 
number of eggs hatched per nest attempt was highest in 1995 (2.91 + 1.07. n=220 nests, 
colony range=l .89-3.37), lowest in 1996 (2.22 + 1.33, n=314, range= 1.29-2.90), and 
intermediate in 1997 (2.53 + 1.17. n=490. range=l.98-3.22). Similarly, the mean brood 
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size was highest in 1995 (2.26 + 1.07. n—220 nests, range - 0.85-3.04). lowest in 1996
(1.58 + 1.12. n=314, range=0.14-2.17), and intermediate in 1997 (1.90 + 0.95. n 490. 
range=0.98-2.34).
Figure 3.4. Clutch size distribution of 1.215 White-faced Ibis nests sampled in the 
Lower Carson River Basin. Nevada, from 1995-1997.
Nest Success
Apparent nest success was lowest in 1996 (75.2%. n=220 nests), highest in 1995 
(91.4%. n=314), and intermediate in 1997 (88.4%. n=490). Nest success estimates 
differed between all years (P<0.05). but not among colonies within years (P>0.05). All 
colonies, except for 1 in 1996, experienced >57% nest success (Figure 3.7).
35
Number of Eggs Hatched / Nest Attempt (X + 95% CI)
Figure 3.5. The mean number of eggs hatched per nest attempt for 20 White-faced Ibis 
colonies sampled in the Lower Carson River Basin. Nevada, from 1995-1997.
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Number of Chicks Fledged / Nest Attempt (X + 95% CI)
Figure 3.6. The mean number of chicks Hedged per nest attempt for 20 White-faced Ibis 














Figure 3.7. Apparent nest success estimates for 20 White-faced Ibis colonies sampled 
in the Lower Carson River Basin, Nevada, from 1995-1997.
Predation accounted for the majority of nest failures in 1996 (54.5 %. n 42) and 
1997 (64.9%, n=37), but was completely absent in 1995 ('fable 3.1). The proportion of 
nests that failed due to predation varied among colonies (CV=53% in 1996. and 32% in 
1997) and was higher during the incubation stage (73.8% in 1996. and 94.6% in 1997) 
than the chick stage (26.2% in 1996, and 5.4% in 1997).
Predators responsible for nest losses during the chick stage were mink (Musicla 
vision) and predatory birds. Dead chicks that had been bitten on the back of the neck 
were taken as evidence of mink depredation (n=6 nests), whereas disemboweled or 
decapitated chicks were taken as evidence of avian depredation (n=2 nests). The most 
likely avian predators were northern harriers (Circus cyaneus), great horned owls (Bubo 
virginianus), or barn owls (Tyto alba). Nest losses during the egg stage were likely 
caused by Common Ravens because they were frequently sighted near the ibis colonies 
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at Carson Lake and Stillwater National Wildlife and they are known egg predators
(Skeel 1983. Simpson et al. 1987, Schauer and Murphy 1996).
Table 3.1. Fate of unsuccessful White-faced Ibis nests sampled in the Lower ( arson 














1995 220 19 0 0 2 11 6
1996 314 77 42 10 8 9 8
1997 490 57 37 6 8 2 4
1 Nests were classified as (1) depredated when eggs or chicks were missing prior to 
hatching or fledging, when eggs were destroyed, or when eggs or chicks were partially 
eaten. (2) abandoned when the eggs were cold and under-developed due to poor weather 
or some unknown disturbance. (3) weather exposure when chicks were found dead in 
the nest following a poor weather event, and (4) unknown when fate was undetermined.
Nest abandonment accounted for 57.9 % of all losses in 1995. 24.7% in 1996.
and 14% in 1997. In 1995. nine of the 33 monitored nests at the RICE colony were
found abandoned after a human disturbance event that involved several hours of 
herbicide spraying (by air boat) in close proximity to the colony.
Exposure to inclement weather conditions during the incubation and chick
stages accounted for 10.5% of all nest losses in 1995 (n=2 nests), 23.4% in 1996
(n=18), and 24.6% in 1997 (n=14). The number of colonies that contained a sample ol
marked nests under observation at the time of a wet and cold weather event was greater
in 1996 (1-5 colonies) and 1997 (3-4) than in 1995 (1-2). It's possible that poor 
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weather events had a greater impact on nesting success in 1996 and 1997 because 
nesting synchrony among colonies was higher.
Temporal Trends in Nest Success and Clutch Size
Nest success was not independent of clutch initiation date (P<0.001). Early 
nesters were more likely to succeed (91.1% nest success) than late nesters (77.2% nest 
success). Late nesting White-faced Ibis had a higher proportion of abandoned nests in 
all years and higher proportion of depredated nests in 1996 (Figure 3.8). Nest 
abandonment may have been more frequent for late nesters in 1996 and 1997 because 
poor weather events only occurred late in the season.
Figure 3.8. Sources of mortality by time of season for 153 failed White-faced Ibis nests 
sampled in the Lower Carson River Basin. Nevada, from 1995-1997.
Clutch size when plotted against date followed a curvilinear trend during each 
year of the study (Figure 3.9). The predicted asymptotes were similar in 1996 and 1997 
(May 7-11. and May 3-12, respectively), but it was much later in 1995 (June 8-17).
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Clutch initiation date accounted for 51.4% of the clutch size variation in 1995, 79% in 
1996, and 49.2% in 1997.
Seasonal trends in clutch size were not correlated with seasonal changes in the 
local surface water conditions (P>0.10), except in 1995 (rs=0.592, P<0.01). In tact, 
during the 1997 breeding season, clutch size declined as water increased through time 
(Figure 3.10).
Nest Success in Relation to Nest Site Characteristics
The majority of White-laced Ibis nests were located in the interior of emergent 
stands of vegetation in 1996 (80 of 86 nests) and 1997 (101 of 175 nests) rather than 
along the edge. Despite this preference for interior sites, nest success was not 
associated with distance to open water (P>0.230).
Nest height above the waters surface had an effect on nest success in 1996 
(P<0.001, n=245 nests) but not in 1997 (P=0.713, n=481 nests). In 1996, White-faced 
Ibis nests were more likely to be successful if they were located high (>24cm) above the 
waters surface. The relationship was consistent for both early and late nesters (P<0.01). 
which may imply that nest height was not confounded by clutch initiation date. Nest 
heights were lower in 1996 (P<0.001). which may explain why nest success was not 
related to nest height during the 1997 breeding season.
The percent cover of live emergent vegetation at the nest site had no effect on 
nest success. The relationship was not significant before (P>0.201) or after (P>0.582) 
adjusting for date in the analysis. The percent cover of residual emergent vegetation at 
the nest site had no effect on nest success after adjusting for clutch initiation date. Nest
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Median Julian Date
Figure 3.9. Mean clutch size relative to clutch initiation date (5 day intervals) for 











Figure 3.10. Relationship between mean clutch size, mean brood size, and mean water 
discharge pattern during the White-faced Ibis breeding season in the Lower 
























success during 1996, however, was significantly higher in high residual vegetation 
(>14%) when clutch initiation date was ignored (P=O.O35). Further analysis of the 1996 
nest site data suggests that the date of clutch initiation and residual vegetation was 
confounded. Early nesting White-faced Ibis were more successful (P 0.001) and high 
residual vegetation is associated with success, however, it is not clear if early nesting or 
high residual vegetation is responsible for the success.
DISCUSSION
Reproductive Success
Reproductive success (clutch size, the number of eggs hatched, and brood size) 
for White-faced Ibis in the Lower Carson River Basin can be highly variable among 
colonies and years. The mean clutch size, mean number of eggs hatched, and mean 
brood size among colonies ranged from 3.09 to 4.21eggs/nest, 1.29 to 3.37 eggs 
hatched/nest, and 0.14 to 3.04 10-day old chicks fledged/nest. Furthermore, measures 
of reproductive success were significantly different among years (P<0.005). with the 
exception of mean clutch size in 1995 and 1997 (P>0.05). Estimates of mean clutch 
size and brood size from previous White-faced Ibis studies in the Great Basin region arc 
also variable among colonies and years, which suggests that this trend is not unique to 
the Lower Carson River Basin (Table 3.2).
Nest Success
Colony specific estimates of apparent nest success ranged from 14.3% to 100%. 
with the majority of colonies (15 of 20) having over 75% nest success. Similar 
estimates were reported for White-faced Ibis breeding in the Lower Klamath Basin.
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Table 3.2. Annual clutch size and brood size estimates from previous White-faced Ibis 
studies in the Great Basin region.
Year
Reproductive









L. Klamath Basin. CA





































- Great Salt Lake. UT
Alford 1978
1973-1974 Clutch Size 3.4 (304) 3.3 -3.4(5) Great Salt Lake. UT
Capen 1977






Great Salt Lake. UT
Kotter 1970
“Number of nests sampled. Steele (1980) did not report sample size of nests, only 
number of subcolonies.
bThe number of colonies or subcolonies sampled. Subcolonies were reported by Henny 
and Herron (1989) and Steele (1980).
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California (83% to 91%, n=3 colonies; Taft et al. 1998). and in a 1985 study at the 
Lower Carson River Basin. Nevada (83%, n=42 nests; Henny and 1 lerron 1989). In 
contrast, nesting success estimates from the San Luis Valley, C olorado (()" o to 78" o, 
n=7 colonies; Schreur 1987), and in Great Salt Lake, Utah (45% to 63%. n=l 
colony/study; Kotter 1970. Keneko 1972. and Alford 1978) tended to be lower.
Nest failure was attributed to 3 proximate factors: predation, weather exposure 
(i.e., cold rain events), and human disturbance. Previous research on White-faced Ibis 
document similar findings (Kotter 1970, Kaneko 1972. Capen 1977. Alford 1978. 
Steele 1980, Herron et al. 1987. Schreur 1987, Taft et al. 1998). Nest loss due to 
fluctuating water levels (i.e., flood, drought, or draw-downs) was not observed in this 
study. However, fluctuating water levels can cause excessive nest loss (Oakleaf and 
Lucas 1976. Alford 1978) and complete abandonment of nesting White-faced Ibis 
colonies (Ryder 1967, 1979, Herron et al. 1987. Neel 1994).
The affects of predation were spatially and temporally variable (within and 
among years). Predation was responsible for the majority of nest failures in 1996 and 
1997. but was not detected in 1995. Furthermore, late season nesters had a higher 
proportion of nest failure due to predation in 1996 (92.7%, 38 of 41 depredated nests), 
but not in 1997 (37.1%, 13 of 35 depredated nests). Annual variation in the proportion 
nest failures due to predation may be the result of an ephemeral wetland community 
rebounding from a good water year (1995) after a 4-year succession of poor water flow s 
(1991-1994). Mammalian and avian predators likely immigrate into the wetlands 
during good water years in response to increased prey availability and improved 
breeding habitat. If this is the case, then the recruitment rate of young ibis into the 
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breeding population may be much lower in good water years than expected because 
predators are more abundant.
Nest Success and Nest Site Characteristics
The evaluation of nest success in relation to nest site characteristics yielded two 
clear results: (1) nest success is independent of the nests spatial location (i.e., edge sites 
compared to interior sites) and the percent cover of live emergent vegetation at the nest 
site, and (2) nests that are located high above the waters surface (>24cm) are more 
successful in some years. In contrast, the relationship between nest success and residual 
percent cover was unclear because trends were inconsistent among years and 
confounded by clutch initiation date. Nest success was positively associated with high 
residual percent cover (>14%), but this relationship only applied too early nesting ibis 
during the 1996 breeding season. In years characterized by slow growing emergent 
vegetation, residual vegetation may affect the timing of nesting and nest success 
because residual vegetation may be the only available substrate early in the season for 
nest attachment or breeding displays.
The lack of a correlation between nest success and all measured nest site 
attributes during the 1997 breeding season may have resulted from improved nesting 
habitat conditions (i.e., higher stem density and residual percent cover), which allowed 
the ibis to build their nest higher above the waters surface. Stands of emergent 
vegetation in 1997 tended to be older and appeared higher and more vigorous, possibly 
due to higher water flows and milder temperatures during the preceding winter.
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Furthermore, less than 10% of the sampled nests in 1997 were located in first-year 
stands of vegetation. In 1996, however, 41% of the sampled nests occurred in first-year 
stands and nearly 75% of these nests failed.
The overall weak relationship between nest success and nest site attributes may 
also stem from the fact that the proximate factors involved in reducing nesting success 
(i.e., poor weather events, predation, and human disturbance) are unpredictable in both 
space and time. If nest sites were chosen with a preference for locations where 
protection from predation and climatic conditions are maximized, then successful nests 
would have a higher percent cover of vegetation (e.g., Skeel 1983, Burger and 
Gochfield 1986, Saliva and Burger 1989). The percent cover of vegetation at the nest 
sites (live and residual vegetation combined) does not, however, differ between 
successful and unsuccessful nests (P>0.50).
Temporal Trends in Nest Success and Clutch Size
Seasonal declines in nest success (proportion of nests successfully fledging at 
least 1 10-day-old chick) were evident during all years of the study. The main 
proximate factor that contributed to higher nest failures for late nesting birds was poor 
weather events. Early nesters were less likely to experience poor weather events, and as 
a result, had lower nest abandonment (13% vs. 76% for late nesters) and a greater 
chance of fledging at least one chick (91% vs. 77% for late nesters).
Seasonal declines in nest success for White-faced Ibis may also be related to age 
of breeding. Knopf (1979) and McNeil and Leger (1987) found a higher proportion of 
nest abandonment in late breeding White Pelicans and Double-crested Cormorants, 
respectively. Both studies provided indirect evidence to suggest that late breeders were 
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likely composed of immature birds which were less experienced (i.e., less persistent 
incubators and poor foraging skills) and therefore abandoned nests more readily. Lower 
nest success in immature birds as a result of poor incubation or brooding skills have 
been documented in the Black-legged Kittiwake (Coulson and White 1958). Laysan 
Albatross (Fisher 1975), and Ring-billed Gull (Ryder 1975). Although data are not 
available to correlate nest success or arrival date with age in the White-faced Ibis, 
evidence from other studies confirm that late breeding cohorts are typically composed 
of immature birds (Pugesek and Diem 1983, Nisbet et al. 1984, Sydeman et al. 1991, 
Coulson and Porter 1985, Wendeln 1997, Barbraud and Barbraud 1999) and seasonal 
declines in nest success are a result of age-related reproductive performance (Spendlow 
1982).
The date of clutch initiation was strongly associated with clutch size in White­
faced Ibis. Clutches that were initiated early or late in the breeding season were smaller 
than clutches laid mid-season. This curvilinear pattern in clutch size was consistent 
during all 3 years of the study but was only correlated with seasonal changes in the local 
surface water conditions in 1995. The lack of a significant correlation within each 
breeding season was surprising because White-faced Ibis in the Lower Carson River 
Basin forage for terrestrial and aquatic invertebrates from flooded agricultural fields, 
shallow ponds, wet meadows, and marsh edges. Seasonal variation in water conditions 
should effect the abundance and availability of invertebrates that are produced in 
ephemeral wetlands (Kushlan 1981. 1989) and in flooded agricultural fields. Food 
limitations can affect clutch size through its effects on the physical condition of the 
female (Klomp 1970). Although a positive correlation between food availability during 
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the nesting season and clutch size has been documented in other colonial breeding 
Ciconiiformes (Nesbit 1977, Coulson and Thomas 1985, Winkler 1985, Satina et al. 
1988) and for birds in general (reviewed by Klomp 1970. Rowe et al. 1994), the results 
in this study suggests a more complex regulation.
Clutch size variation in White-faced Ibis may be the result of an interaction 
between local environmental conditions and the state of the parent (I)rent and Daan 
1980, Coulson and Porter 1985, Wendeln 1997). In fact, there is increasing evidence to 
suggest that parental variation in physiological condition (Hegyi and Sasvari 1998. 
Wendeln and Becker 1999) and age-related reproductive performance (Coulson and 
White 1958. Davis 1976, Haymes and Blokpoel 1980, Ryder 1980. Thomas 1983, 
Murphy 1986, Sydeman et al. 1991, Forslund and Part 1995. Winkler and Allen 1996. 
Ratcliffe et al. 1998 ) may play more of an important role in clutch size variation than 
local food constraints per se.
MANAGEMENT IMPLICATIONS
Modification of nesting habitat in the Lower Carson River Basin to improve 
White-faced Ibis production should not done at the nest site scale because 1) nest 
success was only associated with nest height and residual percent cover during the 1996 
breeding season, and 2) the main proximate factors reducing nest success (predation, 
poor weather events, and human disturbance) are unpredictable in space and time and 
do not appear to be related to nest site attributes. However, management should take 
into account the quantity of nesting habitat because the overall availability of emergent 
stands of vegetation within the Lower Carson River Basin may limit annual 
reproductive effort. This is especially critical at Carson Lake where over 71% of the 
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nesting occurred during this study. In fact, Carson Lake has annual ly supported over 
71% of the breeding population in 20 of the 26 years when the nesting pair surveys 
were done (1970-1997).
Annual breeding pair surveys for White-faced Ibis have been conducted in the 
Lower Carson River Basin since 1970. However, without the combined data on the 
ecological interactions between the ibis and the annual changes in wetland conditions 
our ability to predict population trends is very limited. Effective management of White­
faced Ibis requires a working knowledge of the Great Basin wetland ecology. Future 
research should focus on changes in aquatic invertebrate communities and emergent 
vegetation in response to fluctuating surface water conditions.
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CHAPTER 4. NEST AND COLONY SITE SELECTION
Habitat selection by White-faced Ibis (Plegadis chihi) breeding in the Great
Basin region of the western United States has not been examined in detail. White-faced 
Ibis usually establish colonies in seasonal wetlands dominated by emergent vegetation, 
but they are highly opportunistic and will take advantage of newly inundated shrubs or 
low trees during years of high water flow. The only basic habitat requirement for 
nesting appears to be over-water nest sites in vegetation suitable for nest building and 
capable of supporting nests (reviewed in Ryder and Manry 1994, Ivey et al. in prep). 
White-faced Ibis will use a wide range of plant species for nesting (Giles and Marshal 
1954, Ryder 1967, Kotter 1970, Kaneko 1972, Capen 1977, Alford 1978, Steele 1980. 
Sharp 1985, Ivey and Severson 1984, Henny and Herron 1989, Comely et al. 1993. Taft 
et al. 2000). These plant species include hardstem bulrush (Scirpus acutus), alkali 
bulrush (S. maritimus), Olney’s bulrush (S', olneyi), cattail (Typha latifolia and 
angustifolia), giant burreed (Sparganium eurycarpum), Balitic rush (Juncus ballicus), 
tamarisk (tamarix pentandra), and willow (Salix spp.). Flexibility in plant species used 
for nesting suggests that White-faced Ibis rely on other cues to assess habitat suitability 
for colony establishment and nest placement. Cues used to assess habitat suitability 
may relate to other microhabitat characteristics or a multitude of ecological and social 
factors (i.e., patch size and spatial configuration of emergent vegetation, the abundance 
and location of foraging areas, the degree of site fidelity, the presence of conspecifics).
The objective of this study was to examine nest and colony site attributes at the 
microhabitat scale and compare habitat availability to use. as an approach to investigate 
habitat preferences. This study was conducted at terminal palustrine wetlands in the 
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Lower Carson River Basin, Nevada, from 1996-1997. This area annually supports one 
of the largest White-faced Ibis breeding concentrations in the Great Basin.
STUDY AREA
This study was conducted at Stillwater National Wildlife Refuge (Stillwater 
NWR) and Carson Lake, which are located in Churchill County, approximately 90 km 
east of Reno near the town of Fallon, Nevada (Figure 4.1). These areas contain terminal 
palustrine wetlands that annually fluctuate in size depending on the amount of snow 
melt in the Sierra Nevada Range, allocation of water releases from Lahontan Reservoir, 
and evaporation rates. The average wetland habitat coverage in August is 3,709 ha 
(SD=3,080, n=16 years) for Stillwater NWR and 2,534 ha(SD=2,029, n=16 years) for 
Carson Lake (USFWS 1995b, B. Henry personnel communication).
Stillwater NWR contains 21 wetland units, of which Stillwater Point Reservoir, 
North Nutgrass, and South Nutgrass provide stands of emergent vegetation for nesting 
White-faced Ibis. Carson Lake is divided into 5 managed wetland units, 4 of which 
support large nesting colonies of ibis depending on local surface water conditions. 
These include Sprig, Rice, Big Water, and York Unit. Both Stillwater NWR and 
Carson Lake are dominated by 3 species of emergent vegetation: hardstem bulrush 
(Scirpus acutus), alkali bulrush (Scirpus marilimus) and cattail (Typha angustifolia and 
T. latifolia). These species compose pure or mixed stands that vary in age. density, and 
spatial extent depending on past and current water regimes and salinity.
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Figure 4.1. Study site map of the Lower Carson River Basin.
MATERIALS AND METHODS
Habitat Sampling Design
The first 3 established nesting colonies were selected each year for inclusion in 
the study. Microhabitat measurements were taken at the nest, colony, and marsh scales 
so that appropriate comparisons could be made on habitat use and availability. Nest site 
selection was examined by comparing variables measured at 30 randomly selected nest 
sites to 30 randomly selected sampling points taken within the colony boundary.
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Variables measured at nest sites and random sampling points were: dominant 
plant species, percent cover of residual vegetation, total percent cover (residual + live 
percent cover), distance to open water, and water depth. A mean value was generated 
for each variable (except for distance to open water) by obtaining the measurements at 3 
sub-sampling points. Sub-samples at nest sites were positioned 120° around the nest, 
starting from a degree point that was selected a priori from a random numbers table, at a 
distance of lm from the nest bowl. Sub-samples at random sampling points were 
positioned along a 9m transect at 3m intervals (Figure 4.2).
Percent cover was estimated using a 70cm2 board as a vertical backdrop behind 
the emergent vegetation. The board was held at the waters surface lm from the 
observer and the proportion of the board covered by residual and live vegetation was 
recorded to the nearest 5%. The plant species that covered the largest percentage of the 
board was recorded as the dominant species. Distance to open water was defined as the 
distance from the nest edge or random sampling point to the nearest unobstructed pool > 
3m in diameter or canal > lm across. Water depth was measured to the nearest 1cm.
Colony site selection was examined by comparing variables from 30 random 
sampling points within the colony to 30 random sampling points taken outside of the 
colony site within the same marsh. Random sampling points were positioned within 
each respective colony site using the following procedure designed specifically for 
travel through tall, densely matted stands of marsh vegetation where actual distance 
measurement is impractical. Two random distances were traveled, the first along a 
main transect, and the second along a perpendicular secondary transect. The main
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Figure 4.2. Habitat sampling design among three spatial scales.
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transect was established through the center of each colony, running south to north or 
east to west. The origin of the secondary transect was located by walking a slow 
constant pace for a random time along the main transect. Where, time, from the nearest 
second, was randomly selected from a range of 0 to 240 seconds. Once the origin was 
reached, the secondary transect was shot at a 90° angle to the left or right side of the 
main transect and distance to the sampling point was determined via another randomly 
selected time. At the random sampling point, three 9m-long transects were laid out in a 
radiating circular pattern 120° apart from each other. The direction of the first transect 
was determined from a degree point that was selected a priori from a random numbers 
table. Vegetation measurements were then conducted at 3m intervals along each 
transect. Cluster samples were employed to mimic the spacing dynamics of colonial 
nesting water birds (Figure 4.2).
To differentiate the colony site from what was available in each respective 
marsh, random sampling points were placed outside the colony to estimate available 
colony site habitat. Available colony site habitat was defined as emergent stands of 
vegetation outside the colony perimeter within each respective marsh. Random 
sampling points were located in each respective marsh using the same procedure as 
above but modified to sample a larger area. The main transect traced the inner marsh 
edge (i.e., edge of emergent vegetation and open water) or outer marsh edge (i.e.. edge 
of emergent vegetation and land) rather than going through the center of the colony. 
Walking or boating was used to reach the origin of the secondary transect (Figure 4.2).
Measurements were completed within a 2-week time period to minimize 
temporal variation in vegetation and water variables. Measurements were taken after 
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fledging to avoid human disturbance during critical periods of the ibis nesting cycle. 
Therefore, all measurements (except percent cover of residual vegetation) characterize 
the post-fledging period not the pair-bonding or clutch initiation periods (i.e., early 
spring) when habitat selection may actually occur.
Statistical Analysis
Two null hypotheses were tested: (1) microhabitat measurements at nest sites do 
not differ from those at randomly sampled points within the colony, and (2) 
microhabitat measurements within the colony site does not differ from those at 
randomly sampled points within the same marsh. Colonies were not pooled because 
habitat use was assumed to be relative to habitat availability within each year and marsh 
(i.e., wetland unit). Residual and total percent cover data were partitioned into high 
(>14%, >56%, respectively) and low (<14%, <56%, respectively) categories and 
analyzed with chi-square goodness-of-fit, 2-tailed binomial, or 2-tailed fisher exact tests 
depending on the cell frequencies. The high and low percent coverage categories were 
delineated by the median value for each variable (based on the entire data set, n=54O). 
Data on the nearest distance to open water were categorized as edge site (<5m) or 
interior sites (>5m) and analyzed with 2-tailed binomial tests. Wilcoxon rank sum tests 
were used to determine if water depth differed among used and available habitat. To 
reduce the chances of committing a Type I error, an alpha level of 0.02 was used as the 




Nest and colony sites of early nesting White-faced Ibis were located in stands of 
emergent vegetation that were either dominated by hardstem bulrush, alkali bulrush, or 
cattail (Table 4.1).
Residual Percent Cover
The distribution of residual percent cover at the colony site scale differed from 
random marsh samples in 3 of the 6 sampled colonies (Figure 4.3). White-faced Ibis 
preferred high residual percent cover at BIWA96 (P=0.001) and low residual percent 
cover at SPUN96 and SPUN97 (P<0.01). At the nest site scale, ibis preferred 
significantly higher (SPUN96, P=0.01) or lower (NUTG97, P=0.001) residual percent 
cover compared to what was available within each colony site. This preference 
disparity, and the fact that 4 other sampled colonies did not differ in residual percent 
cover at the nest site scale, suggests that residual percent cover is not a key variable in 
nest site selection. However, these results may also suggest that some ibis prefer 
intermediate levels of residual percent cover.
Total Percent Cover
Three of the 6 sampled colonies had significant differences in total percent cover 
of emergent vegetation at the colony site scale (Figure 4.4). However, preferences were 
inconsistent among colonies. For example, ibis at NUTG96 preferred higher percent 
cover for colony site placement, whereas the ibis at SPUN97 and NUTG97 preferred 
lower percent cover.
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Table 4.1. Dominant plant species among three spatial scales, by year and colony, for 
White-faced Ibis nesting in the Lower Carson River Basin, Nevada.
Year Colony Scale n





1996 SPUN96 Nest 30 67 33
Colony 30 77 3 17 3
Marsh 30 43 20 37 -
1996 NUTG96 Nest 30 100 -
Colony 30 - 100 -
Marsh 30 - 70 30
1996 BIWA96 Nest 30 100
Colony 30 - - 100
Marsh 30 - - 100
1997 SPUN97 Nest 30 97 3
Colony 30 97 - 3
Marsh 30 63 - 37
1997 NUTG97 Nest 30 100 -
Colony 30 - 97 - 3
Marsh 30 - 77 17 7
1997 RICE97 Nest 30 • 100
Colony 30 3 - 97 -
Marsh 30 33 3 60 3



















Figure 4.3. The percent cover of residual vegetation among three spatial scales for six 
White-faced Ibis colonies sampled in the Lower Carson River Basin, Nevada 
(white bar = low, black bar = high; ns = not significant, * = 0.02, ** = 0.01, * * * 
= 0.001).
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Nest site selection was largely independent of total percent cover (Figure 4.4). 
Only 1 of the 6 sampled colonies was significantly different in total percent cover at the 
nest site scale (SPUN96. P=0.01) compared to what was available within the colony 
site.
Distance to Open Water
The location of the colony site with respect to distance to open water was 
variable (Figure 4.5). Ibis either had no preference (n=3 sampled colonies), preferred 
the interior of emergent stands of vegetation (SPUN96 and BIWA96. P<0.02), or 
preferred the edge (R.ICE97, PO.OOl) for colony site placement. At the nest site scale. 
Ibis either had no preference (n=4 colonies. P>0.02) or selected interior sites for nest 
placement (SPUN97 and NUTG96, P<0.001).
Water Depth
Ibis either had no preference (n=3 colonies. P>0.02) or selected areas with 
deeper water (SPUN96, SPUN97. and R.ICE97, PO.OOl) for colony site placement 
(Table 4.2). At the nest site scale, ibis either had no preference (n=3 colonies. P>0.02) 
or selected nest sites with significantly lower water depths than expected by chance 
(NUTG96, NUTG97, and R.ICE97, PO.OOl). The importance of water depth at the 
colony and nest site scales is difficult to interpret, however, because water depth is 
confounded with percent cover of emergent vegetation (total and residual). The density 
of emergent vegetation tends to be low in areas of high water depth (Table 4.3). Thus, a 
colony site located in deep water may simply indicate that ibis preferred a sparsely 



















Figure 4.4. Total percent cover of emergent vegetation among three spatial scales for 
six White-faced Ibis colonies sampled in the Lower Carson River Basin. Nevada 





















Figure 4.5. Distance to open water among 3 spatial scales for six White-faced Ibis 
colonies sampled in the Lower Carson River Basin, Nevada (white bar = low, 
black bar = high; ns = not significant, * = 0.02, ** = 0.01, *** - 0.001).
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Table 4.2. Water depth comparisons among 3 spatial scales for six White-faced Ibis 
colonies sampled in the Lower Carson River Basin, Nevada.
Colony Scale X SD
Preference Relative 
to Availability Z P
SPUN96 Nest 24.70 5.11 No Preference -1.356 0.175
Colony 26.73 1.48 High 6.608 <0.001
Marsh 12.63 6.56
NUTG96 Nest 11.63 3.16 Low -3.798 <0.001
Colony 14.73 3.25 Low 2.112 0.035
Marsh 15.17 13.49
BIWA96 Nest 17.33 3.57 No Preference -0.402 0.688
Colony 17.37 2.87 No Preference -0.425 0.671
Marsh 17.83 3.65
SPUN97 Nest 39.20 1.24 No Preference -0.719 0.472
Colony 39.60 2.62 High 6.505 <0.001
Marsh 21.70 2.90
NUTG97 Nest 21.23 2.22 Low -3.374 0.001
Colony 25.77 5.99 No Preference -1.874 0.061
Marsh 29.77 11.38
RICE97 Nest 32.93 2.82 Low -3.029 0.003
Colony 36.20 4.12 High 3.778 <0.001
Marsh 29.43 8.69
In summary, all White-faced Ibis colonies sampled in the Lower Carson River
Basin (n=6) showed significant differences in breeding habitat use relative to habitat 
availability. However, there is no clear pattern of colony site selection or nest site 
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selection when viewed across colonies (Table 4.4). These results suggest microhabitat 
attributes (percent cover of emergent vegetation, distance to open water from the nest or 
random point, and water depth) are not critical in the process of selecting a colony or 
nest site.
Table 4.3. Relationship between the percent cover of emergent vegetation and water 
depth among all sampled White-faced Ibis colonies in the Lower Carson River 
Basin, Nevada. Spearman rank correlation coefficients and significance levels 
are presented (* = P<0.02. ** = P<0.001).
Percent Cover
Sampled Colony
SPUN96 SPUN97 NUTG96 NUTG97 B1WA96 R1CE97
Total -0.31* -0.55** -0.14 -0.38** -0.09 -0.42**
Residual - 0.44** -0.63** -0.11 -0.23* -0.12 -0.33*
n=90 random sampling units within each colony.
DISCUSSION
Inter-colony variability in selected microhabitat attributes suggests that White­
faced Ibis 1) nest indiscriminately within stands of emergent vegetation, and 2) may not 
select nesting habitat through microhabitat preferences. Great Basin wetlands undergo 
dynamic changes within and among seasons due to water levels fluctuations that vary in 
magnitude, timing, frequency, and duration (Jehl 1994, USFWS 1995b, Earnst et al. 
1998, Warnock et al. 1998). Therefore, White-faced Ibis may need to be flexible in the 
selection of a colony or nest site in order to cope with unpredictable breeding habitat 
conditions.
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Table 4.4. Summary of test results, by colony and scale, for White-faced Ibis nesting in 
the Lower Carson River Basin. Nevada.













SPUN96 Nest High High - - S. acutis
Colony Low - Interior High S. acutis
SPUN97 Nest - - Interior - S. acutis
Colony Low Low - High S. acutis
NUTG96 Nest - - Interior Low S. maritimus
Colony - High - - S. maritimus
NUTG97 Nest Low - - Low S. maritimus
Colony - Low - - S. maritimus
BIWA96 Nest - - - - Typha sp.
Colony High - Interior - Typha sp.
RICE97 Nest - - - Low Typha sp.
Colony Edge High Typha sp.
1 <14% = Low, > 14% = High.
2 <56% = Low, >56% = High.
<5m = Edge, >5m = Interior.
4 Low and high categories are relative to z test comparisons. For example, a low water 
depth preference equates to a significantly lower mean water depth compared to the 
mean water depth at the colony site (nest scale) or within each respective marsh (colony 
scale).
Breeding habitat stability determines how colonial breeding birds adapt to their 
environment to successfully reproduce (McNicholl 1975, Southern 1977. Greenwood 
and Harvey 1982, Kushlan 1986, Kharitonov and Siegal-Causey 1988. Renken and 
Smith 1995). Colonial waterbirds breeding in unstable habitats, for example, have 
weak site fidelity, strong group adherence, well-developed flocking behavior, colonies
66
that develop rapidly in great densities, and colonies composed of spatially and 
temporally discrete sub-colonies (McNicholl 1975, Kharitonov and Siegal-Causey 
1988). White-faced Ibis exhibit all these life history traits as evidenced by their colony 
dynamics (Earnst et. al. 1998), breeding biology (Kotter 1970, Keneko 1972, Capen 
1977, Alford 1978, Steele 1980, Bray and Klebenow 1988, Ryder and Manry 1994), 
and low return rates of color-marked birds (i.e., 4-9% annual return rate for adults 
breeding in the Lower Carson River Basin, Nevada; E. Kelchlin unpublished data). The 
presence of all these life history traits indicate that White-faced Ibis may rely on social 
factors, rather than habitat factors, to select nesting habitat in a specific wetland locality.
The process of colony formation in White-faced Ibis illustrates the importance 
of social attraction in nesting habitat selection. White-faced Ibis colonies develop as 
males perform aerial and perch displays at the eventual colony site to acquire mates (E. 
Kelchlin personnel observation). Interested females are drawn towards the "bachelor 
parties” and pair bonds are established. As a result of synchronized mating displays, 
White-faced Ibis colonies tend to be structured into temporally discrete sub-colonies in 
which all the pairs are in the same nesting stage. Nest sites seem to be chosen as an 
indirect result of selecting the mate (Hancock et al. 1992), but this needs further study. 
This type of colony formation is typical of birds in the family Threskiornithiidae 
(Hancock et al. 1992, Bildstein 1993) and for colonial waterbirds that breed in unstable 
wetland habitats (Kharitonov and Siegal-Causey 1988).
In conclusion, White-faced Ibis breeding in the Lower Carson River Basin nest 
indiscriminately within stands of emergent vegetation and may not use microhabitat 
preferences to select colony or nest sites. Habitat plasticity in colony and nest site 
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selection may provide a selective advantage for White-faced Ibis breeding in unstable 
wetland habitats. The criteria used to evaluate local nesting habitat conditions may 
pertain to the social aspects of colony formation (i.e., presence of conspecifics, 
synchronized mating displays) rather than microhabitat attributes.
MANAGEMENT IMPLICATIONS
Habitat enhancement actions for White-faced Ibis should not focus on 
microhabitat characteristics because the quality of a given stand of emergent vegetation 
is not critical in the selection of a colony or nest site. White-faced Ibis will nest in a 
wetland as long as there is over-water nest sites and vegetation capable of supporting a 
nest. Therefore, the manipulation of emergent vegetation, either by species 
composition, stand density, or increasing the ratio of open water to stand cover, would 
not be cost effective.
Landscape level research should be conducted in the Lower Carson River Basin 
to examine colony site selection in relation to food availability. Food availability 
probably has a major impact on the location of nesting colonies and reproductive effort 
(Kushlan 1978, Cezilly et al. 1995, Frederick et al. 1996, Gibbs and Kinkel 1997). 
Colonial nesting requires the availability rich food resources capable of supporting a 
large number of individuals (Siegel-Causey and Kharitonov 1990. Brown and Brown 
1996). Therefore, the amount, location, and predictability of foraging habitat may be 
critical in colony site selection and in the decision of whether or not to nest in the 
Lower Carson River Basin.
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CHAPTER 5. SUMMARY AND CONCLUSIONS 
POPULATION FLUCTUATIONS IN RELATION TO SURFACE WATER 
CONDITIONS
Abrupt changes in the size of local nesting populations of White-faced Ibis may 
result from water level fluctuations on a local scale and the displacement of breeding 
ibis on a regional scale. 1 examined these hypotheses with pair count data from 2 of the 
3 major and persistent breeding sites, the Lower Carson River Basin and Malheur 
National Wildlife Refuge. I used multiple liner regression techniques to test. 1) the 
number of breeding pairs in the Lower Carson River Basin are not related to local 
surface water conditions, and 2) surface water conditions in the Lower Carson River 
Basin have no affect on the number of breeding pairs in Malheur NWR.
The number of White-faced Ibis breeding in the Lower Carson River Basin is 
positively related to the amount of water discharged from Lahontan Reservoir during 
the previous (Oct-Sept) and current (Oct-Jun) water year (F4.23 = 11 -596. P<0.001. 
R2=0.669). However, this relationship does not necessarily imply that poor water flows 
in a given year will equate to low breeding numbers or that more water is always better. 
Because the previous year has a greater affect on the number of breeding pairs than the 
current water year, we can expect more breeders in a poor water year if the previous 
year sustained high water flows. Furthermore, if water flow rates are high in both the 
previous and current water year, fewer ibis will breed. This is evidenced by a 
significant negative interaction term in the base model.
Time periods in which the surface water conditions most strongly affect the 
number of breeding pairs in the Lower Carson River Basin are (1) May of the current 
year, (2) May through August of the previous year, and (3) October of the previous 
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year. Overall, the full model explained 71.2% of the variation in the number of 
breeding pairs in the Lower Carson River Basin (F4.23 =14.228. P<0.001). 1 propose that 
annual nesting effort is strongly affected by the surface water conditions in May of the 
current year because the majority of ibis initiate clutches in late April (23.2%) through 
May (59.4%). Poor water flows during this time period can cause early nesters to 
abandon their colony site and discourage new arrivals from nesting. 1 hypothesis that 
the water flow rates in October and May through August of the previous year “sets the 
stage” for the current years nesting potential by influencing the current years emergent 
vegetation growth and the ibises aquatic and terrestrial invertebrate prey base. This 
implies that the actual nesting effort in a given year is largely determined by the status 
of resources prior to nesting. Surface water conditions of the previous year may also 
influence the current years return rate of nesting ibis because they may be more likely to 
return to the same breeding area if habitat conditions were favorable the previous 
season.
No evidence was found to suggest that the surface water conditions in the Lower 
Carson River Basin correlate with the number of breeding pairs at Malheur NWR. 
Even though surface water conditions in the Lower Carson River Basin may force ibis 
to relocate during periods of drought or flood, these movements do not account for 
fluctuations in the number breeding pairs at Malheur NWR. 1 propose that the Malheur 
NWR breeding population is tied more closely to the breeding populations in 
northeastern Utah or northeastern California, rather than the breeding population in the 
Lower Carson River Basin. It should be noted however, that a regional connection 
among breeding concentrations is difficult to assess because colonization of alternative 
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wetland sites would mask any unidirectional trends. Therefore, evaluating the 
predictability of inter-colony movements or colony displacement resulting from 
fluctuating surface water conditions on a regional scale may require a comparison of all 
colonies in the Great Basin.
NESTING ECOLOGY
The nesting ecology of White-faced Ibis in the Lower Carson River Basin, 
Nevada, was examined from 1995-1997. Specific objectives were to (1) identify factors 
that constrain reproductive success, (2) assess spatial and temporal trends in 
reproductive parameters, (3) determine if nest site characteristics affect nesting success.
The distribution of clutch initiation dates varied among years. White-faced Ibis 
began egg-laying earlier and more synchronously among colonies in each successive 
year of the study. This trend corresponded with and annual increase in water flows to 
the Lower Carson River Basin prior to breeding. High water flows prior to breeding 
may promote rapid growth of emergent vegetation and thereby allow for earlier nesting.
Reproductive success (clutch size, the number of eggs hatched, and brood size) 
for White-faced Ibis in the Lower Carson River Basin was highly variable among 
colonies and years. The mean clutch size, mean number of eggs hatched, and mean 
brood size among colonies ranged from 3.09 to 4.21eggs/nest, 1.29 to 3.37 eggs 
hatched/nest, and 0.14 to 3.04 10-day old chicks fledged/nest. Furthermore, all 
measures of reproductive success were significantly different among years (P<0.005), 
with the exception of mean clutch size in 1995 and 1997 (P>0.05).
Colony specific estimates of apparent nest success ranged from 14.3% to 100%, 
with the majority of colonies (15 of 20) having over 75% nest success. Nest failure was 
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attributed to 3 proximate factors: predation, weather exposure (i.e., cold rain events), 
and human disturbance. The affects of these factors were spatially and temporally 
variable (within and among years).
Nest success was independent of all measured nest site attributes accept for nest 
height above the waters surface and residual percent cover during the 1996 breeding 
season. The effects of residual percent cover were, however, confounded by clutch 
initiation date. The lack of a correlation between nest success and all measured nest site 
attributes in 1997 may have resulted from improved nesting habitat conditions which 
allowed the ibis to build their nest higher above the waters surface.
Seasonal declines in nest success were evident during all years of the study. 
Early nesters were less likely to experience poor weather events, and as a result, had 
fewer nests abandoned and greater nest success. Seasonal declines in nest success may 
also be related to the age of breeders. Although data are not available to correlate nest 
success or arrival date with age in the White-faced Ibis, evidence from other studies 
suggest that late breeding cohorts are typically composed of immature birds and 
seasonal declines in nest success are a result of age-related reproductive performance.
Clutch size was strongly associated with clutch initiation date during each year 
of the study. Clutches that were initiated early or late in the breeding season were 
smaller than clutches laid mid-season. Seasonal trends in clutch size were not 
correlated with seasonal changes in the local surface water conditions, except for clutch 
size in 1995 (rs=0.592, P<0.01). Food may not be limited or food availability does not 
play an important role in controlling temporal trends in clutch size for White-faced Ibis.
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NEST AND COLONY SITE SELECTION
Habitat selection by White-faced Ibis breeding in the Great Basin has not been 
examined in detail. White-faced Ibis utilize a wide range of plant species for nesting, 
which suggests that they rely on other cues to assess habitat suitability for colony and 
nest site placement besides plant species composition. 1 examined nest and colony site 
attributes at the microhabitat scale and compared habitat availability to use. as an 
approach to investigate habitat preferences.
All White-faced Ibis colonies sampled in the Lower Carson River Basin (n=6) 
showed significant differences in breeding habitat use relative to habitat availability. 
However, there is no clear pattern of colony site selection or nest site selection when 
viewed across colonies. These results suggest that 1) White-faced Ibis nest 
indiscriminately within stands of emergent vegetation, and 2) microhabitat attributes 
(percent cover of emergent vegetation, distance to open water from the nest or random 
point, and water depth) are not critical in the process of selecting a colony or nest site. 
Habitat plasticity in colony and nest site selection coincides may provide a selective 
advantage for White-faced Ibis breeding in unstable wetland habitats. The criteria used 
to evaluate local nesting habitat conditions may pertain to the social aspects of colony 




Alford, E. H. 1978. Early nesting by White-faced Ibis in relation to habitat: an 
adaptive advantage. M. S. Thesis, Bringham Young University, Provo, Utah, 
USA.
Ankney, C. D., and Maclnnes. 1978. Nutrient reserves and reproductive performance 
of female Lesser Snow Geese. Auk 95: 459-471.
Barbraud, C., and J. C. Barbraud. 1999. Is there age assortative mating in the European 
White Stork? Waterbirds 22: 478-481.
Bassinger, S. R. 1986. Demography, environmental uncertainty, and the evolution of 
mate desertion in the Snail Kite. Ecology 67: 1445-1459.
Belknap, H. W. 1957. Observations of the White-faced Ibis (Plegadis chihi) in 
Louisiana. M. S. Thesis, Louisiana State University, Baton Rouge, Louisiana. 
USA.
Bennetts, R. E., and W. M. Kitchens. 1997. Population dynamics and conservation of 
Snail Kites in Florida: the importance of spatial and temporal scale. Colonial 
Waterbirds 20: 324-329.
Bildstein, K. L. 1993. White Ibis: wetland wanderer. Smithsonian Institution Press, 
Washington, D.C., USA.
Bray, M. P., and D. A. Klebenow. 1988. Feeding ecology of White-faced Ibises in a 
Great Basin valley, USA. Colonial Waterbirds 11:24-31.
Burger, J., and M. Gochfield. 1986. Nest site selection in Sooty Terns (Sterna fuscata) 
in Puerto Rico and Hawaii. Colonial Waterbirds 9: 31 -45.
Brown, C. R., and M. B. Brown. 1996. Coloniality in the Cliff Swallow: the effect of 
group size on social behavior. The University of Chicago Press, Chicago, USA.
74
Capen, D. E. 1977. The impacts of pesticides on White-faced Ibis. Ph.I). Dissertation. 
Utah State University, Logan. Utah. USA.
Carrick, R. 1962. Breeding, movements, and conservation of ibises (Threskiomithidae) 
in Australia. CSIRO Australia Wildlife Research 7: 71-88.
Cezilly, F., V. Boy, and R. E. Green. 1995. Intcrannual variation in Greater Flamingo 
breeding success in relation to water levels. Ecology 76: 20-26.
Comely, J. E., S. P. Thompson. C. J. Henny, and C. D. Littlefield. 1993. Nests and 
eggs of colonial birds nesting in Malheur Lake, Oregon, w ith notes on DDE. 
Northwestern Naturalist 74: 41-48.
Coulson, J. C., and E. White. 1958. The effect of age on the breeding biology of the 
Kittiwake Risa tridactyla. Ibis 100: 40-51.
____ , and J. M. Porter. 1985. Reproductive success of the Kittiwake Rissa tridactyla: 
the role of clutch size, chick growth rates, and parental quality. Ibis 127: 450- 
466.
_____, and C. S. Thomas. 1985. Changes in the biology of the Kittiwake Rissa 
tridactyla: a 31-year study of a breeding colony. Journal of Animal Ecology 54: 
9-26.
Davis, J. W. F. 1976. Breeding success and experience in the Arctic Skua. 
Stercorarius parasiticus. Journal of Animal Ecology 45: 531-536.
Den Boer. P. J. 1981. On the survival of populations in a heterogeneous and variable 
environment. Oecologia 50: 39-53.
Drent, R. H., and S. Daan. 1980. The prudent parent: energetic adjustments in avian 
breeding. Ardea 68: 225-252.
Eamst, S. L„ L. Neel, G. L. Ivey, and T. Zimmerman. 1998. Status of the White-faced 
Ibis: breeding colony dynamics of the Great Basin population. 1985-1997. 
Colonial Waterbirds 20: 301-313.
75
Edwards, C.A., and J. R. Lofty. 1977. Biology of earthworms. John Wiley and Sons, 
New York, New York, USA.
Engstrom, R. T., G. S. Butcher, and J. D. Lowe. 1990. Population trends in the Least 
Tern (Sterna antillarum) from Maine to Virginia: 1975-1986. Pages 130-138 in 
J. R. Sauer, and S. Droege, Eds. Survey designs and statistical methods for the 
estimation of avian population trends. U.S. Fish and Wildlife Service, Biological 
Report. 90(1).
Erwin, M. R., and T. W. Custer. 1982. Estimating reproductive success in colonial 
waterbirds: an evaluation. Colonial Waterbirds 5: 49-56.
_____, and D. C. Smith. 1985. Habitat comparisons and productivity in nesting 
Common Terns on the mid-Atlantic coast. Colonial Waterbirds 8: 155-165.
Fisher, H. I. 1975. The relationship between deferred breeding and mortality in the 
Laysan Albatross. Auk 92: 433.
Forthofer, R. N., and E. S. Lee. 1995. Introduction to biostatistics: a guide to design, 
analysis, and discovery. Academic Press, New York, USA.
Forslund, P., and T. Part. 1995. Age and reproduction in birds - hypotheses and tests. 
Trends in Ecology and Evolution 10: 374-378.
Frederick, P.C., R. Bjork, T. Bancroct, and G. V. N. Powell. 1992. Reproductive 
success of three species of herons relative to habitat in southern Florida. 
Colonial Waterbirds 15: 192-201.
_____, K. L. Bildstein, B. Fleury, and J. Ogden. 1996. Conservation of large, nomadic 
populations of White Ibises (Eudocimus alhus) in the United States. 
Conservation Biology 10:203-216.
Gibbs, J. P„ and L. K. Kinkel. 1997. Determinants of the size and location of Great 
Blue Heron colonies. Colonial Waterbirds 20: 1-7.
76
Giles, L. W., and D. B. Marshall. 1954. A large egret colony on the Stillwater Wildlife 
Management Area, Nevada. Auk 71: 322-325.
Greenwood. P. J., and P. H. Harvey. 1982. The natal and breeding dispersal of birds. 
Annual Review of Ecological Systematics 13:1-21.
Hancock, J. A., J. A. Kushlan, and M. P. Kahl. 1992. Storks, ibises, and spoonbills of 
the world. Academic Press, London, UK.
Haymes, G., and H. Blokpoel. 1980. The influence of age on the breeding biology of 
Ring-billed Gulls. Wilson Bulletin 92: 221-228.
Hegyi, Z, and L. Sasvari. 1998. Parental condition and breeding effort in waders. 
Journal of Animal Ecology 67: 41-53.
Henny, C. J., and G. B. Herron. 1989. DDE, selenium, mercury, and White-faced Ibis 
reproduction at Carson lake. Nevada. Journal of Wildlife Management 53:1032- 
1045.
Herron. G. B., M. S. Rawlins, R. D. Haley, and L. A. Neel. 1987. Population surveys, 
species distribution, and key habitats of selected nongame species. P-R Report, 
Federal Aid Project W-53-R, Nevada Department of Wildlife. Reno, USA.
Ivey, G. L, and D. J. Severson. 1984. White-faced Ibis nesting in the southern San 
Joaquin Valley of California. Condor 86: 492-493.
_____, M. A. Stern, and C. G. Carey. 1988. An increasing White-faced Ibis population 
in Oregon. Western Birds 19: 105-108.
_____, S. L., Earnst, E. P. Kelchlin, L. Neel, and D. S. Paul. In prep. White-faced Ibis 
update and management guidelines: Great Basin Population. 2000. U.S. Fish 
and Wildlife Service, Portland, Oregon, USA.
Jehl, J. R. 1994. Changes in saline and alkaline lake avifaunas in western North 
America in the past 150 years. Studies in Avian Biology 15: 258-272.
77
Johnson, D. H.. and T. L. Shaffer. 1990. Estimating nest success: when mayfield wins. 
Auk 107: 595-600.
Kaneko, K. D. 1972. Nesting of the White-faced Ibis (Plegadis chihi) on Utah Lake. 
M. S. Thesis, Bringham Young University, Provo, Utah, USA.
Kelchlin, E. P. 1997. Habitat selection and reproductive success of White-faced Ibis in 
the Carson River Basin, Nevada. Final progress report for the 1996 season to 
the U.S. Fish and Wildlife Service. Stillwater National Wildlife Refuge, Fallon, 
Nevada, USA.
Kharitonov, S. P., and D. Siegel-Causey. 1988. Colony formation in seabirds. Current 
Ornithology 5: 233-272.
Klett, A. T., and D. H. Johnson. 1982. Variability in nest survival rates and 
implications to nesting success studies. Auk 99: 77-87.
Klomp, H. 1970. The determination of clutch size in birds: a review. Ardea 58: 2-124.
Knopf, F. L. 1979. Spatial and temporal aspects of colonial nesting of White Pelicans. 
Condor 81: 353-363.
Kotter, B.L. 1970. An ecological natural history of the White-faced Ibis (Plegadis 
chihi) in northern Utah. M. S. Thesis, University of Utah. Salt Lake City, Utah. 
USA.
Kushlan, J. A. 1978. Feeding ecology of wading birds. Pages 249-298 in A. Sprunt 
IV, J. C. Ogden, and S. Winkler, editors. Wading birds. National Audubon 
Society, New York, New York, USA.
____ . 1981. Resource use strategies of wading birds. Wilson Bulletin 93: 145-163
_____. 1986. Responses of wading birds to seasonally fluctuating water levels: 
strategies and their limits. Colonial Waterbirds 9: 155-162.
78
_____. 1989. Avian use of fluctuating water levels. Pages 593-604 in R. R. Sharitz 
and J. W. Gibbons, editors. Freshwater wetlands and wildlife. Department of 
Energy Symposium Series No. 61. Department of Energy Office of Scientific 
and Technical Information, Oak Ridge, Tennessee, USA.
Mayfield, H. 1961. Nesting success calculated from exposure. Wilson Bulletin 73: 
225-261.
_____ . 1975. Suggestions for calculating nest success. Wilson Bulletin 87: 456-466.
McKilligan, N. G. 1975. Breeding and movements of the Straw-necked Ibis in 
Australia. Emu 75: 199-212.
McNeil, R., and C. Leger. 1987. Nest-site quality and reproductive success of early- 
and late-nesting Double-crested Cormorants. Wilson Bulletin 99: 262-267.
McNicholl, M. K. 1975. Larid site tenacity and group adherence in relation to habitat. 
Auk 92:98-104.
Murphy, M. T. 1986. Temporal components of reproductive variability in Eastern 
Kingbirds (Tyrannus lyrannus). Ecology 67: 1483-1492.
Neel. L. 1994. Waterbird and shorebird investigations. Pages 14-17 in G. B. Herron, 
editor. Population surveys, species distribution, and key habitats of selected 
nongame species. P-R Report, Federal Aid Project W-53-R-20, Nevada 
Department of Wildlife, Reno, USA.
Neter, J., M.H. Kutner, C. J. Nachtsheim, and W. Wasserman. 1996. Applied linear 
statistical models. 4th ed. Times Mirror Higher Education Group, Inc., Chicago, 
USA.
Nisbet, I. C. T. 1977. Courtship-feeding and clutch size in Common Terns. Pages 101- 
109 in B. Stone house, and C. Perrins. Eds. Evolutionary ecology. University 
Park Press, Baltimore, Maryland, USA.
79
_____, J. M. Winchell, and E. A. Heise. 1984. Influence of age on the breeding 
biology of Common Terns. Colonial Waterbirds 7: 116-126.
_____, J. Burger, C. Safina, and M. Gochfeld. 1990. Estimating fledging success and 
productivity in Roseate Terns (Sterna dougallii). Colonial Waterbirds 13: 85-91.
Oakleaf, R. J., and P. Lucas. 1976. Population surveys, species distribution, and key 
habitats of selected nongame species. P-R Report, Federal Aid Project W-53-R, 
Nevada Department of Wildlife, Reno, USA.
Oertli, B., and J .B., Lachavanne. 1995. The effects of shoot age on colonization of an 
emergent macrophyte (Typha latifolicf) by macroinvertebrates. Freshwater 
Biology 34: 421-431.
Pugesek, B. H., and K. L. Diem. 1983. A multivariate study of the relationship of 
parental age to reproductive success in California Gulls. Ecology 64: 829-839.
Ratcliffe, N., R. W. Furness, and K. C. Hamer. 1998. The interactive effects of age and 
food supply on the breeding ecology of Great Skuas. Journal of Animal 
Ecology 67: 853-862.
Rawlings, M. S., R. D. Haley, L. A. Neel, and G. B. Herron. 1986. Population surveys, 
species distribution, and key habitats of selected nongame species. P-R Report, 
Federal Aid Project W-53-R-12, Nevada Department of Wildlife. Reno. USA.
Renken, R. B., and J. W. Smith. 1995. Interior Least Tern site fidelity and dispersal. 
Colonial Waterbirds 18: 193-198.
Rowe, L., D. Ludwig, and D. Schluter. 1994. Time, condition, and the seasonal decline 
in avian clutch size. American Naturalist 143: 698-722.
Ryder, J. P. 1975. Egg-laying, egg size, and success in relation to immature-mature 
plumage of Ring-billed Gulls. Wilson Bulletin 87: 534-542.
80
_____. 1980. The influence of age on the breeding biology of colonial nesting 
seabirds. Pages 153-168 zn J. Burger. B. L. Olla, and 11. E. Winn, Eds. Behavior 
of marine animals. Vol 4: marine mammals. Plenum Press. New York, USA.
Ryder, R. A. 1967. Distribution, migration and mortality of the White-faced Ibis 
(Plegadis chihi) in North America. Bird Banding 38: 257-277.
_____. 1979. Status, distribution, and movements of Ciconiiforms in Colorado. 
Proceedings of The Colonial Waterbird Group 3: 49-58.
_____, and D. E. Manry. 1994. White-faced Ibis (Plegadis chihi). Pages 1-24 in A. 
Poole and F. Gill, Eds. The birds of North America, No. 130. The Academy of 
Natural Sciences and The American Ornithologists’ Union. Washington. D.C., 
USA.
Safina, C., J. Burger, M. Gochfeld, and R. H. Wagner. 1988. Evidence for prey 
limitation of Common and Roseate Tern reproduction. Condor 90: 852-859.
Saliva. J. E., and J. Burger. 1989. Effect of experimental manipulation of vegetation 
density on nest-site selection in Sooty Terns. Condor 91: 689-698.
SAS Institute Inc. 1994. SAS/STAT user’s guide, version 6, 4lh ed., volume 2. SAS 
Institute Inc., Cary, North Carolina. USA.
Schauer, J. H. and E. C. Murphy. 1996. Predation on eggs and nestlings of Common 
Murres (uria aalge) at Bluff, Alaska. Colonial Waterbirds 19: 186-198.
Schreur, J. L. 1987. Ciconiiform reproductive success and public viewing in the San 
Luis Valley, Colorado. Wildlife Research Report, Project No. 01-03-045 (N-5- 
R). Colorado Division of Wildlife.
Sharp, B. S. 1985. White-faced Ibis management guidelines Great Basin population. 
U. S. Fish and Wildlife Service, Portland. Oregon, USA.
Siegel-Causey, D., and S. P. Kharitonov. 1990. The evolution of coloniality. Current 
Ornithology 7: 285-330.
81
Simpson. K., J. N. M. Smith, and J. P. Kelsall. 1987. Correlates and consequences of 
coloniality in Great Blue Herons. Auk: 572-577.
Skagen, S. K., and F. L. Knopf. 1994. Migrating shorebirds and habitat dynamics at a 
prairie wetland complex. Wilson Bulletin 106: 91-105.
Skeel, M. A. 1983. Nesting success, density, philopatry, and nest-site selection of the 
Whimbrel (Numenius phaeopus) in different habitats. Canadian Journal of 
Zoology 61: 218-225.
Southern. W. E. 1977. Colony selection and colony site tenacity in Ring-billed Gulls at 
a stable colony. Auk 94: 469-478.
Spendelow, J. A. 1982. An analysis of temporal variation in, and the effects of habitat 
modification on, the reproductive success of Roseate Terns. Colonial 
Waterbirds 5: 19-31.
Steele, B. B. 1980. Reproductive success of the White-faced Ibis: effects of pesticides 
and colony characteristics. M. S. Thesis, Utah State University, Logan, Utah, 
USA.
_____ . 1984. Effects of pesticides on reproductive success of White-faced Ibis in 
Utah, 1979. Colonial Waterbirds 7: 80-87.
Stokes, M. E., C. S. Davis, and G. G. Koch. 1995. Categorical data analysis using the 
SAS system. SAS Institute Inc., Cary, North Carolina, USA.
Sydeman, W. J., J. F. Penniman, T. M. Penniman. P. Pyle, and D. G. Anley. 1991. 
Breeding performance in the Western Gull: effects of parental age, timing of 
breeding and year in relation to food availability. Journal of Animal Ecology 
60: 135-149.
Taft, M. R., D. M. Mauser, and T. W. Arnold. 1998. Breeding ecology of White-faced 
Ibis in the Upper Klamath Basin, California. Western North American 
Naturalist: In press.
82
Taylor. D. M., C. H. Trost, and B. Jamison. 1989. The biology of the White-faced Ibis 
in Idaho. Western Birds 20: 125-133.
Thomas, C. S. 1983. The relationships between breeding experience, egg volume and 
reproductive success of the Kittiwake Rissa tridactyla. Ibis 125: 567-574.
Thompson. S. P., C.D. Littlefield, and R.A. Ryder. 1979. Historical review and status 
of colonial nesting birds on Malheur National Wildlife Refuge. Proceedings of 
The Colonial Waterbird Group 3: 156-164.
Vance, R. R. 1980. The effect of dispersal on population size in a temporally varying 
environment. Theoretical Population Biology 18: 343-362.
Warnock, N., S. M. Haig, and L. W. Ornig. 1998. Monitoring species richness and 
abundance of shorebirds in the western Great Basin. Condor: 589-600.
Wendeln. H. 1997. Body mass of female Common Trens (Sterna hirundo) during 
courtship: relationship to male quality, egg mass, diet, laying date and age. 
Colonial Waterbirds 20: 235-243.
Westerskov, K. 1950. Methods for determining the age of game bird eggs. Journal of 
Wildlife Management 14: 56-67.
____ , and P. H. Becker. 1999. Effects of parental quality and effort on the 
reproduction of Common Terns. Journal of Animal Ecology 68: 205-214.
Winkler, D. W. 1985. Factors determining a clutch size reduction in California Gulls 
(Larus Californicus): a multi-hypothesis approach. Evolution 39: 667-677.
_____, and P. E. Allen. 1996. The seasonal decline in Tree Swallow clutch size: 
physiological constraint or strategic adjustment? Ecology 77: 922-932.
Woodall, P. F. 1985. Waterbird populations in the Brisbane region, 1972-83, and 
correlates with rainfall and water heights. CSIRO Australia Wildlife Research 
12: 495-506.
83
USFWS. 1995a. Migratory non-game birds of management concern in the United 
States: the 1995 list. Office of Migratory Bird Management, U.S. Fish and 
Wildlife Service, Washington, D.C., USA.
USFWS. 1995b. Water rights acquisition for Lahontan Valley Wetlands, Churchill 
County, Nevada. Draft Environmental Impact Statement. Volume 1. U.S. Fish 
and Wildlife Service, Region 1, Portland, Oregon. USA.
Vance, R. R. 1980. The effect of dispersal on population size in a temporally varying 
environment. Theoretical Population Biology 18: 343-362.
Zar, J. H. 1984. Biostatistical Analysis Second Edition, Prentice Hall. Inc. Englewood 




Eric Patrick Kelchlin was born in Buffalo, New York on March 17, 1968. 1 le 
received a Bachelor of Science degree in Wildlife from Unity College, Unity, Maine, on 
May. 1991. From 1992 to 1996 he worked on a variety of avian research projects for 
academic, federal, state, and private agencies within the United States and Australia. In 
January 1996 he entered graduate school at Louisiana State University. He is currently 
a candidate for the degree of Master of Science in Wildlife.
85
MASTER'S EXAMINATION AND THESIS REPORT
Candidate: Eric Patrick Kelchlin
Major Field: Wildlife
Title of Thesis: The Breeding Ecology of White-faced Ibis in the Lower
Carson River Basin, Nevada
Approved:
EXAMINING COMMITTEE:
Date of Examination:
10-25-00
